Threshold Cointegration and Nonlinear Adjustment to the Law of One Price by Ming Chien Lo & Eric Zivot
A￿hit￿L*_ ￿L￿?|i}h@|￿L? @?_ ￿L?*￿?i@h
￿_￿￿t|4i?| |L |￿i w@￿ Lu ￿?i ￿h￿Ui
￿￿?} ￿￿￿i? wL @?_ ,h￿U ~￿￿L|
#iT@h|4i?| Lu ,UL?L4￿Utc N?￿￿iht￿|) Lu ‘@t￿￿?}|L?
￿hi*￿4￿?@h) _h@u|G ￿L￿i4Mih .c ￿bbb￿ ￿*i@ti _L ?L| ^￿L|i￿
Devwudfw
Suhylrxv vwxglhv lqyhvwljdwlqj wkuhvkrog ehkdylru lq uhdo h{fkdqjh udwh dqg sulfh
gl￿huhqfh gdwd kdyh xvhg udwkhu dg krf vwdwlvwlfdo phwkrgv dqg kdyh irfxvhg rq xql0
yduldwh wkuhvkrog prghov iru uhodwlyh sulfhv1 Zh xwlol}h d jhqhudo pxowlyduldwh wkuhvkrog
frlqwhjudwlrq prgho dqg ghyhors d v|vwhpdwlf whvwlqj dqg hvwlpdwlrq vwudwhj| iru wklv
prgho exloglqj rq wkh zrun ri Edonh dqg Irpe| +4<<:,/ Wvd| +4<<;, dqg Kdqvhq
+4<<<,1 Xvlqj Prqwh Fduor h{shulphqwv/ zh v|vwhpdwlfdoo| frpsduh wkh xvh ri xqlydul0
dwh dqg pxowlyduldwh whfkqltxhv iru whvwlqj wkuhvkrog frlqwhjudwlrq/ hvwlpdwlqj ydulrxv
wkuhvkrog prghov dqg vshfl￿fdwlrq whvwlqj1 Zh dsso| rxu phwkrgrorj| wr d odujh gdwd
vhw ri X1V1 glvdjjuhjdwhg FSL gdwd1 Zh ￿qg hylghqfh ri wkuhvkrog frlqwhjudwlrq pdlqo|
iru wudgdeoh jrrgv1 Krzhyhu/ wkh w|sh ri wkuhvkrog qrqolqhdulw| zh ￿qg jhqhudoo| grhv
qrw vxssruw wkh wudqvdfwlrqv frvw ylhz ri frpprglw| duelwudjh1
Dfnqrzohgjhphqw 4 Sdshu suhvhqwhg dw wkh Frzohv Irxqgdwlrq Frqihuhqfh _Qhz
Ghyhorsphqwv lq Wlph Vhulhv Hfrqrphwulfv/% Qhz Kdyhq/ Rfwrehu 56057/ 4<<</ dqg dw
wkh Hudvpxv Xqlyhuvlw| Zrunvkrs _Qrqolqhdu Prgholqj ri Pdfurhfrqrplf Uhodwlrqv/%
Urwwhugdp/ Vhswhpehu 4:04;/ 4<<<1 Wkh dxwkruv wkdqn Glfn ydq Glmn iru khosixo frp0
phqwv dqg vxjjhvwlrqv dqg Fkduohv Hqjho iru jhqhurxvo| surylglqj wkh gdwd1 Uhvhdufk
vxssruw iurp wkh Wlqehujhq Lqvwlwxwh/ Hudvpxv Xqlyhuvlw| Urwwhugdp/ lv judwhixoo| df0
nqrzohgjhg1Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿ W?|hL_￿U|￿L?
5i￿ih@* hiUi?| T@Tiht ￿@￿i Thiti?|i_ i￿￿_i?Ui hi￿i@*￿?} |￿hit￿L*_ |)Ti ?L?*￿?i@h￿|) ￿? hi@*
i U￿@?}i h@|i _@|@ @?_ ￿@￿i t￿L￿? |￿@| |￿hit￿L*_ ?L?*￿?i@h￿|) ￿t @ TLtt￿M*i i T*@?@|￿L? uLh
|￿i @TT@hi?| ￿?￿| hLL| Mi￿@￿￿Lh Lu hi@* i U￿@?}i h@|it￿ 6Lh i @4T*ic ￿￿U￿@i*c ￿LM@) @?_
￿ii* E￿bb.￿ @?_ 5@h@?|￿t E￿bbb￿ @TT*) t4LL|￿ |h@?t￿|￿L? @￿|Lhi}hitt￿￿i E5A￿+￿ 4L_i*t @?_
hi￿iU| *￿?i@h￿|) uLh 4@?) M￿*@|ih@* @?_ igiU|￿￿i hi@* i U￿@?}i h@|it uLh @ }hL￿T Lu ￿?_￿t|h￿@*
UL￿?|h￿it￿ Nt￿?} |￿hit￿L*_ @￿|Lhi}hitt￿￿i EA￿+￿ 4L_i*tc ￿<￿L??i** E￿bbH￿ ￿?_t i￿￿_i?Ui Lu
|￿hit￿L*_ ?L?*￿?i@h￿|) ￿? ?@hhL￿ T@?i*t Lu ,￿hLTi@? ￿￿W hi@* i U￿@?}i h@|it @?_ ￿Mt|ui*_
@?_ A@)*Lh E￿bb.￿ hi￿iU| *￿?i@h￿|) uLh @ *@h}i ?￿4Mih Lu ￿￿|￿￿? UL￿?|h) _￿t@}}hi}@|i_ Th￿Ui
_￿gihi?|￿@* tih￿it @t ￿i** @t @}}hi}@|i_ Mi|￿ii? UL￿?|h) hi@* i U￿@?}i h@|i tih￿it￿ ￿<￿L??i**
@?_ ‘i￿ E￿bb.￿ @?_ ￿@ht*i) @?_ ‘i￿ E￿bbS￿ ￿?_ |￿@| ?L?*￿?i@h￿|￿it i ￿t| ￿? N￿5￿ _￿t@}}hi￿
}@|i_ Th￿Ui _@|@ uLh @ T@?i* Lu *LU@|￿L? T@￿ht￿ ￿** Lu |￿iti ￿Lh!t @hi 4Lhi Lh *itt 4L|￿￿@|i_
M) |￿i ￿_i@ |￿@| @hM￿|h@}i ￿t |￿i uLhUi |￿@| i*￿4￿?@|it @?) T￿hU￿@t￿?} TL￿ih T@h￿|) E￿￿￿￿ Lh
*@￿ Lu L?i Th￿Ui Ew￿￿￿ _i￿￿@|￿L? L?*) ￿￿i? ￿| ￿t ThL￿|@M*ic ￿￿i￿ |￿i Th￿Ui _￿gihi?Ui E_i?L4￿
￿?@|i_ M) L?i U￿hhi?U)￿ ￿t *@h}i i?L￿}￿ |L Lgti| |￿i Tih ￿?￿| ULt| Lu |h@?tTLh|￿?} |￿i }LL_t
Mi|￿ii? |￿i |￿L *LU@|￿L?t￿
A￿i i4T￿h￿U@* A￿+ 4L_i*t ￿|￿*￿3i_ M) |￿i @ML￿i @￿|￿Lht |L ￿?￿it|￿}@|i ?L?*￿?i@h￿|)
￿? @_￿￿t|4i?|t |L ￿￿￿ Lh |L |￿i w￿￿ @hi ￿?￿￿@h￿@|i ￿iht￿L?t Lu |￿i M￿￿@h￿@|i |￿hit￿L*_
UL￿?|i}h@|￿L? 4L_i*t _itUh￿Mi_ M) ￿@*!i @?_ 6L4M) E￿bb.￿￿ A￿@| ￿tc |￿i @￿|￿Lht uLU￿t L?
￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
|￿i |￿hit￿L*_ Mi￿@￿￿Lh Lu |￿i ￿?￿￿@h￿@|i UL￿?|i}h@|￿?} hit￿_￿@* ￿4T*￿i_ M) |￿i w￿￿ Lh M)
￿￿￿ Ei^￿@* |L *L} Th￿Ui _￿gihi?Ui￿ @?_ _L ?L| ￿?￿it|￿}@|i |￿hit￿L*_ Mi￿@￿￿Lh ￿? |￿i MhL@_ih
M￿￿@h￿@|i 4L_i* uLh *L} Th￿Uit￿ ￿?@*)t￿t Lu |￿hit￿L*_ Mi￿@￿￿Lh ￿? |￿i M￿￿@h￿@|i 4L_i* @**L￿t
L?i |L ￿?UL￿ih TL|i?|￿@* ?L?*￿?i@h￿|￿it @?_ @t)44i|h￿it ￿? |￿i @_￿￿t|4i?| Lu ￿?_￿￿￿_￿@*
Th￿Uit @?_ ThL￿￿_it 4Lhi ￿?uLh4@|￿L? hi}@h_￿?} |￿i _)?@4￿Ut Lu |￿i _@|@￿ W? @__￿|￿L?c
4￿*|￿￿@h￿@|i ThLUi_￿hit uLh |it|￿?} |￿hit￿L*_ UL￿?|i}h@|￿L? |￿@| ￿|￿*￿3i |￿i u￿** t|h￿U|￿hi Lu
|￿i 4L_i* t￿L￿*_ ￿@￿i ￿￿}￿ih TL￿ihc ThL￿￿_i_ |￿i 4L_i* ￿t |h￿ic |￿@? ￿?￿￿@h￿@|i ThLUi_￿hit
|￿@| ￿}?Lhi |￿i hit|h￿U|￿L?t ￿4TLti_ M) |￿i 4￿*|￿￿@h￿@|i t|h￿U|￿hi￿ ￿Lt| i4T￿h￿U@* ￿Lh! ￿@t
@*tL *@h}i*) ￿}?Lhi_ tTiU￿￿U@|￿L? |it|￿?} Lu |￿i ￿4TLti_ A￿+ 4L_i*t￿ 5TiU￿￿U@|￿L? |it|￿?}
￿t T@h|￿U￿*@h*) ￿4TLh|@?| ￿? |￿hit￿L*_ @?@*)t￿t Lu |￿i w￿￿ MiU@￿ti |￿i |h@?t@U|￿L?t ULt|
|￿iLh) |￿@| 4L|￿￿@|it |￿i i4T￿h￿U@* tTiU￿￿U@|￿L? Lu |￿i A￿+ 4L_i* ￿4TLtit t|hL?} |it|@M*i
hit|h￿U|￿L?t L? |￿i 4L_i*￿
W? |￿￿t T@Tih ￿i ￿|￿*￿3i @ M￿￿@h￿@|i |￿hit￿L*_ ￿iU|Lh ihhLh ULhhiU|￿L? 4L_i* Lu UL￿?|i}h@￿
|￿L? uLh *L} Th￿Ui _￿gihi?Uit @?_ _i￿i*LT @ t)t|i4@|￿U |it|￿?}c it|￿4@|￿L? @?_ tTiU￿￿U@|￿L?
t|h@|i}) uLh ￿?￿it|￿}@|￿?} ?L?*￿?i@h @_￿￿t|4i?| |L |￿i w￿￿￿ ￿￿h t|h@|i}) M￿￿*_t L? |￿i hi￿
Ui?| ￿Lh! Lu ￿@*!i @?_ 6L4M) E￿bb.￿c At@) E￿bbH￿ @?_ O@?ti? E￿bbb￿￿ Nt￿?} ￿L?|i ￿@h*L
i Tih￿4i?|tc ￿i UL4T@hi |￿i ￿ti Lu ￿?￿￿@h￿@|i @?_ 4￿*|￿￿@h￿@|i |iU￿?￿^￿it uLh |it|￿?} UL￿?|i￿
}h@|￿L? ￿? |￿i Thiti?Ui Lu |￿hit￿L*_ ?L?*￿?i@h￿|) @?_ uLh it|￿4@|￿?} |￿i T@h@4i|iht Lu ￿@h￿L￿t
|￿hit￿L*_ UL￿?|i}h@|￿L? 4L_i*t￿ ‘i @*tL i￿@*￿@|i ti￿ih@* 4L_i* tTiU￿￿U@|￿L? tU￿i4itc M@ti_
L? ?it|i_ ￿)TL|￿it￿t |it|tc |L tii ￿u hit|h￿U|i_ |￿hit￿L*_ 4L_i*t U@? Mi ￿_i?|￿￿i_ uhL4 ￿?￿
hit|h￿U|i_ 4L_i*t￿ A￿i hit￿*|t uhL4 L￿h ￿L?|i ￿@h*L i Tih￿4i?|t t￿}}it| |￿@| 4￿*|￿￿@h￿@|i
2Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
|it|t uLh UL￿?|i}h@|￿L? ￿@￿i 4￿U￿ ￿￿}￿ih TL￿ih |￿@? ￿?￿￿@h￿@|i |it|tc 4￿*|￿￿@h￿@|i @?_ ￿?￿￿
￿@h￿@|i |it|t uLh *￿?i@h￿|) ￿@￿i t￿4￿*@h TL￿ihc @?_ ￿| ￿t _￿￿U￿*| |L _i|iU| Uih|@￿? |)Tit Lu
|￿hit￿L*_ 4L_i*tc itTiU￿@**) ￿? t4@** t@4T*it￿ ‘i |￿i? @TT*) L￿h 4i|￿L_L*L}) uLh @?@*)3￿?}
|￿hit￿L*_ UL￿?|i}h@|￿L? |L @ ￿￿_i h@?}i Lu N￿5￿ _￿t@}}hi}@|i_ Th￿Ui _@|@ uLh e￿ }LL_t @?_
tih￿￿Ui U@|i}Lh￿it @?_ 2b U￿|￿it￿ ‘i ￿?_ i￿￿_i?Ui Lu |￿hit￿L*_ UL￿?|i}h@|￿L? 4@￿?*) uLh T@￿ht
Lu R|h@_@M*i￿ }LL_t Th￿Uit￿ OL￿i￿ihc |￿i |)Ti Lu |￿hit￿L*_ ?L?*￿?i@h￿|) ￿i ￿?_ }i?ih@**)
_Lit ?L| t￿TTLh| |￿i t|hL?} hit|h￿U|￿L?t ￿4T*￿i_ M) |￿i |h@?t@U|￿L?t ULt| ￿￿i￿ Lu UL44L_￿|)
@hM￿|h@}i￿
A￿i T@Tih ￿t Lh}@?￿3i_ @t uL**L￿t￿ 6￿ht| ￿i ThL￿￿_i tL4i 4L|￿￿@|￿L? uLh |￿i ￿ti Lu |￿hit￿￿
L*_ UL￿?|i}h@|￿L? 4L_i*t ￿? |￿i @?@*)t￿t Lu ￿￿￿ @?_ |￿i w￿￿￿ ￿i |c ￿i Thiti?| |￿i }i?ih@*
M￿￿@h￿@|i |￿hit￿L*_ UL￿?|i}h@|￿L? 4L_i* @?_ _￿tU￿tt |￿i |)Tit Lu hit|h￿U|i_ 4L_i*t ￿ti_ ￿?
4Lt| i4T￿h￿U@* ￿Lh!￿ A￿i?c ￿i i |i?_ ￿@*!i @?_ 6L4M)<t E￿bb.￿ 4i|￿L_L*L}) uLh |it|￿?}
|￿hit￿L*_ UL￿?|i}h@|￿L? |L @ 4￿*|￿￿@h￿@|i ti||￿?} @?_ ￿i i￿@*￿@|i |￿￿t i |i?t￿L? ￿t￿?} @ t4@**
￿L?|i ￿@h*L i Tih￿4i?|￿ 6L**L￿￿?} |￿i ￿L?|i ￿@h*L t|￿_)c ￿i @TT*) L￿h 4i|￿L_L*L}) |L @
*@h}i _@|@ ti| Lu _￿t@}}hi}@|i_ Th￿Uit |L ￿?￿it|￿}@|i |￿i i￿￿_i?Ui uLh |￿hit￿L*_ ?L?*￿?i@h￿|)
￿? |￿i @_￿￿t|4i?| |L |￿i *@￿ Lu L?i Th￿Ui￿ AiU￿?￿U@* _i|@￿*t @?_ _ih￿￿@|￿L?t @hi }@|￿ihi_ ￿?
|￿i @TTi?_￿ ￿
2 A￿i A￿hit￿L*_ ￿L￿?|i}h@|￿L? @?_ |￿i w@￿ Lu ￿?i
￿h￿Ui
2￿￿ ￿L|￿￿@|￿L? @?_ w￿|ih@|￿hi +i￿￿i￿
￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
A￿ihi ￿t @ *@h}i *￿|ih@|￿hi L? |it|￿?} ￿￿i|￿ih ￿￿￿ ￿L*_t ￿? |￿i *L?} h￿? ￿t￿?} ￿?￿￿@h￿@|i @?_
4￿*|￿￿@h￿@|i *￿?i@h _)?@4￿U 4L_i*t￿ 6hLL| @?_ +L}Lg E￿bbS￿ Lgiht @? i ￿@￿t|￿￿i hi￿￿i￿￿
,tti?|￿@**)c |￿i @TThL@U￿ |@!i? ￿?￿L*￿it |it|￿?} |L tii ￿u |￿i hi@* i U￿@?}i h@|i ￿t UEf￿ @?_c
￿i?Uic @ 4i@? hi￿ih|￿?} ThLUitt￿ A￿ihi ￿t @ UL?ti?t￿t ￿￿i￿ |￿@| hi@* i U￿@?}i h@|i _@|@
￿?_ii_ ￿@t 4i@? hi￿ih|￿?} _)?@4￿Utc )i| @ _i￿￿@|￿L? uhL4 i^￿￿*￿Mh￿￿4 ￿t uL￿?_ |L Mi ￿ih)
Tiht￿t|i?| @?_ |￿i it|￿4@|i_ ￿@*u￿*￿ui Lu @ t￿LU! ￿t |)T￿U@**) @ML￿| uL￿h )i@ht￿ ￿Mt|ui*_
@?_ A@)*Lh E￿bb.￿ ^￿it|￿L? |￿i t￿4T*￿U￿|) Lu |￿￿t Thi4￿ti @?_ |￿i) hi￿￿t￿| @ ?L|￿L? h@￿ti_
M) OiU￿tU￿ih E￿b￿S￿ ￿￿L t￿}}it|t |￿@| ￿?|ih?@|￿L?@* |h@?t@U|￿L? ULt|t 4@) T*@) @ hL*i ￿?
i T*@￿?￿?} |￿i _i￿￿@|￿L? uhL4 ￿￿￿￿ A￿i hiUi?| |￿iLhi|￿U@* ￿Lh!t M) #￿4@t E￿bb2￿c NTT@*
E￿bbD￿ @?_ 5ihU￿c NTT@* @?_ V@? O￿**i E￿bbD￿ *i?_ t￿TTLh| uLh |￿￿t ￿_i@￿ ￿<￿L??i** @?_
‘i￿ E￿bb.￿ _i4L?t|h@|i |￿i uL**L￿￿?} t￿4T*￿￿i_ ￿iht￿L? Lu |￿i igiU|t Lu |h@?t@U|￿L?t ULt|t
L? |￿i hi@* i U￿@?}i h@|i￿
￿tt￿4i |￿i L?*) |h@?t@U|￿L? ULt| ￿t uLh |h@?tTLh|@|￿L? @?_ ￿t Lu |￿i R￿UiMih}￿ uLh4￿
6Lh }LL_t T￿hU￿@ti_ ￿? *LU@|￿L? ￿ @| ￿￿ @?_ tL*_ ￿? *LU@|￿L? ￿ @| ￿￿c |￿i Tih￿￿?￿| hi￿i?￿i
￿t E￿ ￿ ￿￿￿￿ ￿￿ihi ￿ _i?L|it |￿i ThLTLh|￿L?@* *Ltt Lu ￿@*￿i uhL4 |h@?tTLh|@|￿L?c *￿!i |￿i
4i*|￿?} Lu @? ￿UiMih}c @?_ f ￿￿￿￿￿ A￿@| ￿t |L t@)c ￿?t|i@_ Lu _i￿?￿?} |h@?tTLh|@|￿L?
ULt|t @t |￿i ThL_￿U| Lu ￿L￿ 4@?) ￿?￿|t Lu }LL_t @hi |h@_i_ @?_ ￿L￿ 4@?) 4￿*it |￿i) @hi
|h@?tTLh|i_c |￿￿t u￿?U|￿L?@* uLh4 |@!it ￿| @t @ _i￿@*￿@|￿L? ThLTLh|￿L?@* |L |￿i }hLtt hi￿i?￿i
uLh i@U￿ ￿?￿|c ?@4i*) |￿i Th￿Ui￿ A￿i }hi@|ih |￿i _￿t|@?Ui Mi|￿ii? |￿L *LU@|￿L?tc |￿i ￿￿}￿ih ￿
￿t￿ A￿￿tc @hM￿|h@}i uhL4 ￿ |L ￿ ￿t ThL￿|@M*i ￿u @?_ L?*) ￿u E￿￿￿￿￿￿ ￿￿￿ : fL h￿￿￿:￿ ￿*￿￿￿
￿L?￿ihti*)c uLh @ ￿?￿| Lu }LL_t uhL4 ￿ |L ￿c TLt￿|￿￿i ThL￿|t ￿4T*￿it E￿ ￿ ￿￿￿￿ ￿ ￿￿ : fL h
eWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿￿*￿￿ : ￿*E￿ ￿ ￿￿￿ ￿￿||￿?} |￿i LTTLt￿|i Lu |￿iti |￿L UL?_￿|￿L?t |L}i|￿ihc |￿ihi ￿￿** Mi
?L @hM￿|h@}i uhL4 i￿|￿ih _￿hiU|￿L? ￿￿i? ￿*E￿ ￿ ￿￿ :￿ ￿*￿￿ : ￿ ￿ ￿c Lhc i^￿￿￿@*i?|*) ￿￿i?
|@!￿?} *L}@h￿|￿4tc ￿*?E￿ ￿￿￿ : *?E￿￿￿ ￿*?E￿￿￿ : *?E￿ ￿￿￿￿ A￿i M@?_ t￿hhL￿?_￿?} hi*@|￿￿i
Th￿Uit ￿￿ihi￿? @hM￿|h@}i ￿t ?L| ThL￿|@M*i ￿t |￿ihiuLhi d￿*?E￿ ￿ ￿￿c*?E￿ ￿ ￿￿o￿ ￿t @hM￿|h@}i
￿t ThL￿|@M*i L?*) L￿|t￿_i Lu |￿i M@?_tc ￿i i TiU| |L LMtih￿i 4i@?￿hi￿ih|￿?} Mi￿@￿￿Lh Lu |￿i
*L} Th￿Ui _￿gihi?Ui L?*) ￿￿i? ￿|t @MtL*￿|i ￿@*￿i i Uii_t *?E￿ ￿ ￿￿￿ ‘￿|￿￿? |￿i M@?_tc |￿i
*L} Th￿Ui _￿gihi?Ui U@? i ￿￿M￿| h@?_L4 ￿@*! |)Ti ?L?￿t|@|￿L?@h) Mi￿@￿￿Lh￿
,4T￿h￿U@**)c |￿L |)Tit Lu t￿4T*i |￿hit￿L*_ UL￿?|i}h@|￿L? 4L_i*tc TLT￿*@h￿3i_ M) ￿@*!i
@?_ 6L4M) E￿bb.￿c ￿@￿i Mii? @TT*￿i_ |L ￿?￿it|￿}@|i ?L?*￿?i@h @_￿￿t|4i?| |L ￿￿￿ Lh |￿i
w￿￿ t￿}}it|i_ M) |￿i |h@?t@U|￿L?t ULt| |￿iLh) _itUh￿Mi_ @ML￿i￿ A￿i ￿ht| |)Ti Lu 4L_i* ￿t
|￿i t)44i|h￿U |￿hii hi}￿4i ￿￿￿#￿A￿+ 4L_i*
{5| ’
;
A A A A A A A A ?
A A A A A A A A =
￿E5|3￿ ￿ S￿n#|c ￿u 5|3￿ :S
#|c ￿u ￿ S ￿ 5|3￿ ￿ S
￿E5|3￿ n S￿n#|c ￿u 5|3￿ ￿ ￿S
E￿￿
￿￿ihi 5| _i?L|it |￿i *L} Th￿Ui _￿gihi?|￿@* @| |￿4i |c #| ￿t @? ￿￿￿￿_￿ ihhLh |ih4c d￿ScSo hiThiti?|t
|￿i t)44i|h￿U |h@?t@U|￿L?t ULt| M@?_ ￿￿ihi￿? @hM￿|h@}i ￿t ?L| ThL￿|@M*ic @?_ ￿ ￿t @ tTii_
Lu @_￿￿t|4i?| T@h@4i|ih t@|￿tu)￿?} ￿2 ￿￿￿f￿ W? |￿￿t 4L_i*c ￿u @hM￿|h@}i ￿t ?L| ThL￿|@M*i
tL |￿@| m5|3￿m￿S |￿i? 5| uL**L￿t @ h@?_L4 ￿@*! t￿?Ui |￿ihi @hi ?L iUL?L4￿U uLhUit T￿t￿￿?}
Th￿Uit |L}i|￿ih￿ W? UL?|h@t|c ￿u @hM￿|h@}i ￿t ThL￿|@M*i t￿U￿ |￿@| m5|3￿m :S|￿i? 5| uL**L￿t @
t|@|￿L?@h) ￿+E￿￿ ThLUitt ￿￿|￿ 4i@? i^￿@* |L ￿ S _iTi?_￿?} L? ￿￿i|￿ih 5|3￿ :SLh 5|3￿ ￿S ￿
￿L|￿Ui |￿@| |￿i uLhUit Lu @hM￿|h@}i ￿? |￿￿t 4L_i* T￿t￿ hi*@|￿￿i Th￿Uit L?*) |L |￿i i_}i Lu |￿i
DWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
|h@?t@U|￿L?t ULt| M@?_￿ Wu |￿i hi*@|￿￿i Th￿Ui ￿t ￿￿t| L￿|t￿_i |￿i M@?_c t@) 5|3￿ t*￿}￿|*) *@h}ih
|￿@? Sc |￿i? |￿i i TiU|i_ @_￿￿t|4i?| Lu hi*@|￿￿i Th￿Uitc ￿E5|3￿ ￿ S￿c ￿t t4@** uLh @ }￿￿i? ￿￿
A￿i tiUL?_ |)Ti Lu 4L_i* ￿t |￿i t)44i|h￿U |￿hii hi}￿4i i^￿￿*￿Mh￿￿4 E,"￿ A￿+ 4L_i*
{5| ’
;
A A A A A A A A ?
A A A A A A A A =
￿￿5|3￿ n #|c ￿u 5|3￿ :S
￿f5|3￿ n #|c ￿u ￿S ￿ 5|3￿ ￿ S
￿￿5|3￿ n #|c ￿u 5|3￿ ￿ ￿S
E2￿
￿￿ihi ￿| ￿t i TiU|i_ |￿@| ￿f ￿ f @?_ ￿￿ ￿￿ f tL |￿@| *@h}i _i￿￿@|￿L?t uhL4 T@h￿|) t￿L￿*_ Mi
*itt Tiht￿t|i?| |￿@? t4@** _i￿￿@|￿L?t￿ W? UL?|h@t| |L |￿i ￿￿￿#￿A￿+ 4L_i*c ￿? |￿i ,"￿A￿+
4L_i*c ￿u m5|3￿m :S c |￿i hi*@|￿￿i Th￿Ui hi￿ih|t |L T@h￿|) @?_ ?L| |L |￿i i_}i Lu |￿i M@?_￿ ￿t @
UL?ti^￿i?Uic |￿i 4@}?￿|￿_i Lu @_￿￿t|4i?| ￿? hitTL?ti |L @? @hM￿|h@}i LTTLh|￿?￿|) ￿t }hi@|ih
￿? |￿i ,"￿A￿+ |￿@? ￿? |￿i ￿￿￿#￿A￿+￿ W? L|￿ih ￿Lh_tc uLh }￿￿i? ￿@*￿it Lu ￿ @?_ Sc 5| ￿?
|￿i ,"￿A￿+ 4L_i* ￿t *itt Tiht￿t|i?| |￿@? |￿i ￿￿￿#￿A￿+ 4L_i*￿ ￿
￿￿TTi?}ih @?_ BLih￿?} E￿bb￿￿c ￿@*!i @?_ 6L4M) E￿bb.￿c ￿<￿L??i** E￿bbH￿c ,?_iht @?_
Bh@?}ih E￿bbH￿ @?_ ￿ihMi? @?_ ￿@? #￿￿! E￿bbb￿ t￿L￿ |￿@| ￿u _@|@ @hi }i?ih@|i_ M) A￿+
4L_i*t *￿!i E￿￿ @?_ E2￿ |￿i? t|@?_@h_ ￿?￿| hLL| |it|t U@? ￿@￿i ￿ih) *L￿ TL￿ihc ￿￿￿U￿ 4@)
i T*@￿? |￿i UL44L?*) uL￿?_ ￿￿}￿ _i}hii Lu Tiht￿t|i?Ui ￿? hi@* i U￿@?}i h@|itc @?_ |￿￿t hit￿*|
￿@t 4L|￿￿@|i_ ￿?|ihit| ￿? |￿i i4T￿h￿U@* hi*i￿@?Ui Lu |￿hit￿L*_ 4L_i*t uLh hi@* i U￿@?}i h@|it
@?_ Th￿Ui _￿gihi?Uit￿
A￿i i4T￿h￿U@* i￿￿_i?Ui ￿? t￿TTLh| Lu |￿i |h@?t@U|￿L?t ULt| ￿￿i￿ uLh hi@* i U￿@?}i h@|it
M@ti_ L? it|￿4@|it Lu 4L_i*t *￿!i E￿￿ @?_ E2￿ @hi 4￿ i_￿ ￿Mt|ui*_ @?_ A@)*Lh E￿bb.￿ it|￿4@|i
4 Dv qrwhg e| Revwihog dqg Wd|oru +4<<:,/ li wkh wudqvdfwlrqv frvw wkhru| lv fruuhfw wkhq wkh zlgwk ri wkh
edqg ^￿f>f‘ lq wkh HT dqg EDQG WDU prghov vkrxog eh srvlwlyho| uhodwhg wr phdvxuhv ri hfrqrplf glvwdqfh/
wudqvsruwdwlrq frvwv dqg phdvxuhv ri wudgh eduulhuv1 Dovr/ wkh pdjqlwxgh ri wkh dgmxvwphqw frh￿flhqw !
vkrxog eh qhjdwlyho| uhodwhg wr wkhvh phdvxuhv1
SWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
t)44i|h￿U ,"￿A￿+ @?_ ￿￿￿#￿A￿+ 4L_i*t ￿t￿?} 4L?|￿*) _￿t@}}hi}@|i_ @?_ @}}hi}@|i_
￿￿Wt uLh ￿2 U￿|) @?_ UL￿?|h) *LU@|￿L?t E￿￿|￿ |￿i N￿5￿ @t |￿i ￿L4i UL￿?|h)￿ L￿ih |￿i Tih￿L_
￿bHf |￿hL￿}￿ ￿bbe @?_ ￿?_ i￿￿_i?Ui ￿? t￿TTLh| Lu |￿hit￿L*_ ?L?*￿?i@h￿|) M@ti_ L? |￿i
|h@?t@U|￿L? ULt|t |￿iLh)￿ A￿i￿h it|￿4@|it Lu ￿@*u￿*￿￿it Lu t￿LU!t |L hi*@|￿￿i Th￿Uit h@?}i uhL4
H |L ￿2 4L?|￿t UL4T@hi_ |L |￿Lti uhL4 @ *￿?i@h ￿+E￿￿ 4L_i* |￿@| h@?}i uhL4 ￿. |L ef
4L?|￿t2 ￿ A￿i) @*tL ￿?_ |￿@| |￿i ￿￿_|￿t Lu |￿i￿h it|￿4@|i_ |h@?t@U|￿L?t ULt|t M@?_t @hi
TLt￿|￿￿i*) hi*@|i_ |L 4i@t￿hit Lu iUL?L4￿U _￿t|@?Ui @?_ i U￿@?}i h@|i ￿L*@|￿*￿|) @t t￿}}it|i_
M) |￿iLh)￿ ￿ihMi? @?_ V@? #￿￿! E￿bbH￿ hi￿i￿@*￿@|i |￿i hit￿*|t Lu ￿Mt|ui*_ @?_ A@)*Lh E￿bb.￿
￿t￿?} 4Lhi tLT￿￿t|￿U@|i_ |it|t uLh ￿?￿| hLL|t ￿? |￿i Thiti?Ui Lu |￿hit￿L*_ ?L?*￿?i@h￿|) @t ￿i**
@t @ 4Lhi }i?ih@* ￿￿￿#￿A￿+ 4L_i* |￿@| @**L￿t uLh @t)44i|h) ￿? |￿i tTii_ Lu @_￿￿t|4i?|
@?_ ￿? |￿i |￿hit￿L*_ ￿@*￿it￿ #itT￿|i |￿i u@U| |￿@| |￿i) ￿?_ |￿hit￿L*_￿|)Ti ?L?*￿?i@h￿|)c |￿i)
U*@￿4 |￿@| |￿i @t)44i|h) Lu |￿i it|￿4@|i_ T@h@4i|iht Lu |￿i 4L_i*c ￿￿￿U￿ ￿t t|@|￿t|￿U@**)
t￿}?￿￿U@?|c *i@_t |L ?L?ti?t￿U@* UL?U*￿t￿L?t |￿@| UL?|h@_￿U|t |￿i |h@?t@U|￿L? ULt|t ￿￿i￿ @?_
|￿i) UL?U*￿_i |￿@| L?i t￿L￿*_ ?L| @||h￿M￿|i }LL_t @hM￿|h@}i @t |￿i u@U|Lh |￿@| U@￿tit |￿i
?L?*￿?i@h￿|) ￿? |￿i _@|@￿ ￿<￿L??i** E￿bbH￿ TihuLh4t ￿?￿| hLL| |it|t @?_ it|￿4@|it ,"￿A￿+
4L_i*t L? ￿@h￿L￿t T@?i*t Lu hi@* i U￿@?}i h@|it M@ti_ L? @ _￿gihi?| ti| Lu Th￿Ui ￿?_i it uLh
￿?_￿t|h￿@* UL￿?|h￿it |￿@? ￿ti_ M) ￿Mt|ui*_ @?_ A@)*Lh￿ ￿<￿L??i**<t hit￿*|t uLh MhL@_ T@?i*t
Lu hi@* i U￿@?}i h@|it }i?ih@**) _L ?L| t￿TTLh| |￿i |h@?t@U|￿L? ULt|t ￿￿i￿ @t ￿i Lu|i? u@￿*t
|L hi￿iU| ￿?￿| hLL|t ￿t￿?} T@?i* ￿?￿| hLL| |it|t￿ ￿LhiL￿ihc ￿￿t T@?i* it|￿4@|it Lu ,"￿A￿+
4L_i*t *￿!i E2￿ ￿?_￿U@|i |￿@| *@h}i _i￿￿@|￿L?t uhL4 ￿￿￿ U@? Mi 4Lhi Tiht￿t|i?| |￿@? t4@**
_i￿￿@|￿L?t uhL4 ￿￿￿￿
5 Wkh kdoi0olih ri d vkrfn iurp d vwdwlrqdu| DU+4, zlwk dxwruhjuhvvlyh frh￿flhqw ￿ lv jlyhq e| oq+3=8,@oq+￿,=
.Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
A￿i i￿￿_i?Ui uLh |￿i |h@?t@U|￿L?t ULt| ￿￿i￿ ￿t￿?} _￿t@}}hi}@|i_ Th￿Ui _@|@ ￿t 4Lhi u@￿
￿Lh@M*i￿ A￿ihi @hi ti￿ih@* UhLtt tiU|￿L?@* T@?i* t|￿_￿it |￿@| t￿L￿ ￿L￿ Th￿Ui _￿gihi?Uit Lu
￿?_￿￿￿_￿@* UL44L_￿|￿it @?_ tih￿￿Uit Mi|￿ii? |￿L *LU@|￿L?t @hi @giU|i_ M) |h@?t@U|￿L? ULt|t￿
￿) hi}hitt￿?} tL4i ￿L*@|￿*￿|) 4i@t￿hi Lu Th￿Ui _￿gihi?Uit L? ti*iU|i_ i L}i?L￿t ￿@h￿@M*itc
,?}i* @?_ +L}iht E￿bbSc￿bbH@c￿bbHM￿c ￿￿|￿ ?L ￿?|i?|￿L? Lu |it|￿?} uLh UL44L_￿|) @hM￿|h@}ic
t￿L￿ |￿@| |￿i _￿t|@?Ui Mi|￿ii? |￿L *LU@|￿L?t ￿t @ t￿}?￿￿U@?| u@U|Lh ￿? i T*@￿?￿?} 4@h!i|
ti}4i?|@|￿L? uLh 4@?) }LL_t ￿￿|￿￿? |￿i N￿5￿ MLh_iht￿ OL￿i￿ihc |￿4i tih￿it t|￿_￿it L? Th￿Ui
_￿gihi?Uit @hi h@hi￿ ￿@ht*i) @?_ ‘i￿ E￿bbS￿ TihuLh4 T@?i* ￿?￿| hLL| |it| L? 4L?|￿*) Th￿Ui
_@|@ Lu D￿ }LL_t @?_ tih￿￿Uit uLh @ }hL￿T Lu eH U￿|￿it ￿￿|￿ @ t@4T*i Tih￿L_ uhL4 ￿b.D |L
￿bb2￿ 6Lh *L} Th￿Ui _￿gihi?Uit Lu ML|￿ R?L?￿Tih￿t￿@M*i%|h@_@M*i￿ @?_ RTih￿t￿@M*i￿ }LL_tc
|￿i) @hi @M*i |L hi￿iU| ￿?￿| hLL|t ￿? |￿i _@|@ ￿￿￿U￿ ThL￿￿_it t￿TTLh| uLh |￿i w￿￿￿ A￿i) @*tL
|it| uLh ?L?*￿?i@h￿|)c ￿? @? @_ ￿LU 4@??ihc @?_ |￿i￿h hit￿*|t @hi t￿TTLh|￿￿i Lu |￿i ￿￿i￿ |￿@|
UL?￿ih}i?Ui Lu Th￿Uit ￿t u@t|ih ￿￿i? |￿i ￿?￿|￿@* Th￿Ui _￿gihi?Ui ￿t ￿￿_ih￿ ￿<￿L??i** @?_ ‘i￿
E￿bb.￿ @hi |￿i ￿ht| |L |it| uLh ?L?*￿?i@h￿|) L? _￿t@}}hi}@|i_ Th￿Ui _@|@ ￿t￿?} |￿hit￿L*_ 4L_￿
i*t￿ A￿i) ￿ti |￿i t@4i _@|@ @t ￿@ht*i) @?_ ‘i￿ E￿bbS￿ UL?t￿t|￿?} Lu 4L?|￿*) LMtih￿@|￿L?t
Lu ￿?_￿￿￿_￿@* Th￿Uit L? eH }LL_t @?_ tih￿￿Uit uhL4 2e U￿|￿it￿ A￿L T@?i*t Lu _@|@ @hi uLh4i_G
L?i ￿t |￿i Th￿Ui _￿gihi?Ui Lu @ }LL_ ￿? i@U￿ U￿|) ￿iht￿t |￿i @**￿U￿|￿it @￿ih@}i @?_ |￿i L|￿ih
￿t |￿i Th￿Ui _￿gihi?Ui Lu i@U￿ }LL_ ￿? @ U￿|) ￿iht￿t |￿@| Lu @ Mi?U￿4@h! U￿|)￿ Nt￿?} T@?i*
￿?￿| hLL| |it|t |￿i) }i?ih@**) _L ?L| hi￿iU| ￿?￿| hLL|t￿ OL￿i￿ihc |￿i￿h T@?i* it|￿4@|it Lu
￿@?_￿A￿+ @?_ ,"￿A￿+ 4L_i*t @hi ￿￿}￿*) t￿TTLh|￿￿i Lu |￿i |h@?t@U|￿L?t ULt|t ￿￿i￿ ￿? |￿@|
*@h}i _i￿￿@|￿L?t uhL4 |￿i w￿￿ @TTi@h |L Mi 4i@? hi￿ih|￿?}￿
HWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿*|￿L￿}￿ |￿ihi ￿t t￿Mt|@?|￿@* i￿￿_i?Ui uLh |￿hit￿L*_ ?L?*￿?i@h￿|) ￿? |￿i @_￿￿t|4i?| |L
￿￿￿ @?_ |￿i w￿￿c 4Lt| Lu |￿i i4T￿h￿U@* ￿Lh! ￿@t Mii? h@|￿ih @_ ￿LU￿ 6Lh |￿i 4Lt| T@h|c
,"￿A￿+ @?_ ￿￿￿#￿A￿+ 4L_i*t ￿@￿i Mii? ￿4TLti_ L? |￿i _@|@ @?_ ?L tTiU￿￿U@|￿L? |it|￿?}
￿@t Mii? _L?i |L tii ￿u |￿iti 4L_i*t @hi @U|￿@**) @TThLTh￿@|i￿ A￿i |h@?t@U|￿L?t ULt| ￿￿i￿
￿4TLtit hit|h￿U|￿L?t Lu t)44i|h) Lu |￿hit￿L*_t @?_ t)44i|h) Lu @_￿￿t|4i?| T@h@4i|iht
@?_c @T@h| uhL4 |￿i @?@*)t￿t ￿? ￿ihMi? @?_ ￿@? #￿￿! E￿bbH￿c |￿iti hit|h￿U|￿L?t }i?ih@**)
￿@￿i ?L| Mii? |it|i_￿ W? @__￿|￿L?c @** Lu |￿i @?@*)t￿t ￿@t Mii? M@ti_ L? ￿?￿￿@h￿@|i |￿hit￿L*_
4L_i*t uLh *L} Th￿Ui _￿gihi?Uit￿ A￿ihi ￿@t Mii? ?L @?@*)t￿t Lu |￿i |￿hit￿L*_ Mi￿@￿￿Lh Lu
4￿*|￿￿@h￿@|i t)t|i4t Lu *L} Th￿Uit￿ ￿*i@h*) |￿ihi ￿t @ ?ii_ uLh @ 4Lhi t)t|i4@|￿U @?_ h￿}LhL￿t
￿?￿it|￿}@|￿L? Lu |￿hit￿L*_ ?L?*￿?i@h￿|)￿ W? |￿i uL**L￿￿?} tiU|￿L?t ￿i L￿|*￿?i @ }i?ih@* t|h@|i})
uLh ￿?￿it|￿}@|￿?} |￿hit￿L*_ UL￿?|i}h@|￿L? ￿? M￿￿@h￿@|i t)t|i4t Lu *L} Th￿Uit￿
2￿2 ￿ Bi?ih@* ￿L_i* Lu A￿hit￿L*_ ￿L￿?|i}h@|￿L?
‘i t|@h| L￿h @?@*)t￿t M) UL?t￿_ih￿?} @ }i?ih@* |￿hii hi}￿4i M￿￿@h￿@|i |￿hit￿L*_ V￿+ EAV￿+￿
4L_i* uLh *L} Th￿Uit t￿4￿*@h |L |￿i L?i _￿tU￿tti_ ￿? At@) E￿bbH￿￿ wi| R￿| Mi |￿i *L} Th￿Ui Lu
@ }LL_ ￿? *LU@|￿L? ￿cE￿ ’￿ c2￿c @| |￿4i | @?_ _i￿?i T| ’ ER￿|cR 2|￿￿￿ A￿i M￿￿@h￿@|i |￿hit￿L*_




￿ T|3￿ n x
E￿￿
2 T|32 n ￿￿￿x
E￿￿
& T|3& n %
E￿￿
| c ￿u S
E￿3￿￿ ￿ 5|3_ ￿ S
E￿￿ E￿￿
￿￿ihi | ’￿ c￿￿￿cAc ￿ ’￿ c2c￿c￿4 ’ SEf￿ ￿S E￿￿ ￿S E2￿ ￿S E￿￿ ’ 4c @?_ %
E￿￿
| ￿t @ tih￿@**)
￿?ULhhi*@|i_ ihhLh |ih4 ￿￿|￿ 4i@? 3ihL @?_ UL￿@h￿@?Ui 4@|h￿  PE￿￿￿ A￿i |￿hit￿L*_ ￿@h￿@M*i 5|
￿t @tt￿4i_ |L Mi t|@|￿L?@h) @?_ ￿@￿i @ UL?|￿?￿L￿t _￿t|h￿M￿|￿L?￿ ￿__￿|￿L?@**)c |￿i |h@?t￿|￿L?
bWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿@h￿@M*i 5| ￿t @tt￿4i_ |L Mi !?L￿? ￿￿ihi@t |￿i _i*@) ￿@h￿@M*i _c *@} *i?}|￿ & @?_ |￿i
|￿hit￿L*_ ￿@*￿it SE￿￿ @?_ SE2￿ @hi TL|i?|￿@**) ￿?!?L￿?￿ A)T￿U@**)c |￿i _i*@) T@h@4i|ih _ ￿t
@tt￿4i_ |L Mi *itt |￿@? Lh i^￿@* |L |￿i *@} *i?}|￿ &￿








￿ {T|3￿ n %
E￿￿
| c ￿u S












, ￿ Wuc ￿￿|￿￿? i@U￿ hi}￿4i ￿c T| ￿t UE￿￿
@?_ UL￿?|i}h@|i_ ￿￿|￿ UL44L? UL￿?|i}h@|￿?} ￿iU|Lh ￿


























￿ {T|3￿ n %
E￿￿
| c ￿u S
E￿3￿￿ ￿ 5|3_ ￿ S
E￿￿ ED￿
A￿i AV,￿￿ tTiU￿￿it |￿@| |￿i @_￿￿t|4i?| |L￿@h_ |￿i *L?}￿h￿? i^￿￿*￿Mh￿￿4 hi*@|￿L?t￿￿T ￿
￿T|
￿t hi}￿4i tTiU￿￿U￿ 6Lh i@ti Lu i TLt￿|￿L?c ￿? |￿i uL**L￿￿?} ￿i uLU￿t L? |￿i AV￿+ ￿￿|￿ & ’￿
@?_ _ ’ ￿ ￿￿￿U￿ ￿4T*￿it @ AV,￿￿ ￿￿|￿ & ’f ￿ A￿￿t t￿4T*i 4L_i* ￿t @*tL |￿i L?i ￿ti_ 4Lt|
￿? i4T￿h￿U@* @TT*￿U@|￿L?t |L _@|i￿
W? |￿i AV,￿￿ ￿￿|￿ & ’f c ￿| ￿t t|h@￿}￿|uLh￿@h_ |L t￿L￿ |￿@| |￿i UL￿?|i}h@|￿?} hit￿_￿@*
￿

























| ￿ Oi?Uic ￿
￿T| ￿t t|@M*i ￿￿|￿￿? i@U￿ hi}￿4i ￿u
￿ ￿ ￿4E￿￿















￿ ￿ 4E￿￿￿ EH￿












| c ￿u S
E￿3￿￿ ￿ 5|3￿ ￿ S
E￿￿ Eb￿
@?_ >E￿￿ ￿t ￿?|ihThi|i_ @t |￿i hi}￿4i tTiU￿￿U 4i@? Lu |￿i UL￿?|i}h@|￿?} hi*@|￿L? ￿
￿T|￿
5￿?Ui |￿i w￿￿ ￿?_￿U@|it |￿@| R￿| ￿ R2| t￿L￿*_ Mi UEf￿c ￿i uLU￿t L? |￿i AV,￿￿ uLh T|
￿￿ihi |￿i UL￿?|i}h@|￿?} ￿iU|Lh ￿t !?L￿? |L |@!i |￿i ￿@*￿i ￿ ’E ￿ c￿￿￿￿c |￿i |￿hit￿L*_ ￿@h￿@M*i
5| ￿t i^￿@* |L |￿i hit￿_￿@* uhL4 |￿i UL￿?|i}h@|￿?} hi*@|￿L?t￿￿Tc 5|3￿ ’ ￿
￿T|3￿ ’ R￿| ￿R2|c@ ? _
|￿i ihhLht ￿? i@U￿ hi}￿4i ￿@￿i @ UL44L? UL￿@h￿@?Ui 4@|h￿  PG
{T| ’ ￿
E￿￿ n ￿
E￿￿5|3￿ n %|c ￿u S
E￿3￿￿ ￿ 5|3￿ ￿ S
E￿￿ E￿f￿
2￿2￿￿ A￿i ￿￿￿#￿AV,￿￿
￿ tTiU￿@* U@ti Lu |￿i hit|h￿U|i_ UL?t|@?| AV,￿￿ 4L_i* Eb￿ LUU￿ht ￿￿i? T| ￿? |￿i 4￿__*i
hi}￿4i ￿t ?L| UL￿?|i}h@|i_ M￿| ￿t UE￿￿ ￿￿|￿L￿| _h￿u|￿ W? |￿￿t U@ti ￿E2￿ ’ fc ￿E2￿ ’ f @?_ Eb￿




A A A A A A A A ?
A A A A A A A A =
￿E￿￿E5|3￿ ￿ >E￿￿￿ n %|c ￿u 5|3￿ :S E2￿
%|c ￿u SE￿￿ ￿ 5|3￿ ￿ SE2￿
￿E￿￿E5|3￿ ￿ >E￿￿￿ n %|c ￿u 5|3￿ ￿S E￿￿
E￿￿￿
￿ t￿￿U￿i?| UL?_￿|￿L? uLh |￿i t|@M￿*￿|) Lu E￿￿￿ ￿t |￿@| |￿i UL￿?|i}h@|￿?} hit￿_￿@* 5| Mi t|@M*i ￿?




2 m ￿ ￿
uLh ￿ ’￿ c￿￿ ￿L|￿Ui |￿@| ￿? |￿i 4￿__*i hi}￿4i ￿E2￿ ’ f@ ? _￿E2￿ ’ f ￿￿￿U￿ ￿4T*￿it |￿@|
5| ’ 5|3￿ n #|￿ A￿i ￿￿￿#￿AV,￿￿ ￿@t |￿i uL**L￿￿?} ￿?|ihThi|@|￿L?￿ Wu 5|3￿ ￿t ￿￿|￿￿? |￿i
M@?_ ESE￿￿cS E2￿￿ |￿i? T| uL**L￿t @ h@?_L4 ￿@*! ￿￿|￿L￿| _h￿u|( ￿u 5|3￿ :S E2￿ |￿i? 5| hi￿ih|t |L
|￿i hi}￿4i tTiU￿￿U 4i@? >E￿￿ ￿￿|￿ @_￿￿t|4i?| ULi￿U￿i?| 4E￿￿ @?_ {T| @_￿￿t|t ￿￿|￿ tTii_ Lu
@_￿￿t|4i?| ￿iU|Lh ￿E2￿(￿ u5|3￿ ￿S E￿￿c |￿i? 5| hi￿ih|t |L |￿i hi}￿4i tTiU￿￿U 4i@? >E￿￿ ￿￿|￿
@_￿￿t|4i?| ULi￿U￿i?| 4E￿￿ @?_ {T| @_￿￿t|t ￿￿|￿ tTii_ Lu @_￿￿t|4i?| ￿iU|Lh ￿E￿￿￿
W| ￿t ￿4TLh|@?| |L i4T￿@t￿3i |￿@| |￿i tTii_t Lu @_￿￿t|4i?| Lu Th￿Uit ￿? |￿i L￿|ih M@?_t
U@? Mi _￿gihi?| uLh i@U￿ i*i4i?| Lu T|￿ AL tii |￿￿t 4Lhi U*i@h*)c |￿i 4L_i* uLh {R￿| ￿t
{R￿| ’
;
A A A A A A A A ?
A A A A A A A A =
￿
E￿￿
￿ E5|3￿ ￿ >E￿￿￿ n 0￿|c ￿u 5|3￿ :S E2￿
0￿|c ￿u SE￿￿ ￿ 5|3￿ ￿ SE2￿
￿
E￿￿
￿ E5|3￿ ￿ >E￿￿￿ n 0￿|c ￿u 5|3￿ ￿S E￿￿
E￿2￿
6 Fkdq/ Shwuxfhool/ Wrqj dqg Zrroirug +4<;8, jlyh vwdelolw| frqglwlrqv iru wkh wkuhh uhjlph WDU prgho1
Zh qrwh wkdw wkh orfdwlrqv ri wkh uhjlph vshfl￿f phdqv ￿+4, dqg ￿+6, dovr lq￿xhqfh wkh vwdelolw| ri wkh
prgho1 Vhqvleoh prghov lq wkh suhvhqw frqwh{w vkrxog kdyh m￿+6,m￿m f+5,m dqg m￿+4,m￿m f+4,m= Wvd| +4<<;,
qrwhv wkdw qhfhvvdu| dqg vx￿flhqw frqglwlrqv iru vwdwlrqdulw| lq jhqhudo pxowlyduldwh wkuhvkrog prghov duh
odujho| xqnqrzq1
￿2Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
@?_ |￿i 4L_i* uLh {R2| ￿t
{R2| ’
;
A A A A A A A A ?
A A A A A A A A =
￿
E￿￿
2 E5|3￿ ￿ >E￿￿￿ n 02|c ￿u 5|3￿ :S E2￿
02|c ￿u SE￿￿ ￿ 5|3￿ ￿ SE2￿
￿
E￿￿










2 @*|￿L￿}￿ ￿i i TiU| |L ￿?_ ￿
E￿￿
￿ ￿ f @?_ ￿
E￿￿
2 ￿ f
tL |￿@| ML|￿ Th￿Uit RihhLh ULhhiU|￿ |L￿@h_ T@h￿|) ￿￿i? |￿i w￿￿ _i￿￿@|￿L? ￿t *@h}i￿ ￿?
￿?|ihit|￿?} tTiU￿@* U@ti LUU￿ht ￿u ￿
E￿￿
￿ ’ f EuLh tL4i ￿ ’￿ c2 @?_ ￿ ’￿ c￿￿ t￿?Ui |￿￿t hit|h￿U|￿L?
￿4T*￿it |￿@| R￿| ￿t ?L| hitTL?_￿?} |L TLtt￿M*i @hM￿|h@}i LTTLh|￿?￿|￿it￿ A￿￿t UL￿*_ ￿@TTi?c uLh
￿?t|@?Uic ￿u Th￿Uit @hi t|￿U!) ￿? tL4i *LU@|￿L?t hi*@|￿￿i |L L|￿iht￿
5i￿ih@* tTiU￿@* U@tit Lu |￿i ￿￿￿#￿AV,￿￿ E￿￿￿ @hi Lu ￿?|ihit|￿ A￿i UL?|￿?￿L￿t 4L_i*
hit￿*|t ￿￿i? |￿i hi}￿4i tTiU￿￿U 4i@?t Lu |￿i UL￿?|i}h@|￿?} hit￿_￿@* 5| @hi i^￿@* |L |￿i
?i￿}￿MLh￿?} |￿hit￿L*_ ￿@*￿it( ￿ci￿c >E￿￿ ’ SE2￿ @?_ >E￿￿ ’ SE￿￿￿ A￿i t)44i|h￿U |￿hit￿L*_ 4L_i*
LUU￿ht ￿￿i? SE2￿ ’ ￿SE￿￿ ’ S￿ A￿i ,"￿AV,￿￿ @h￿tit ￿u >E￿￿ ’ >E￿￿ ’f ￿
2￿2￿2 A￿i ￿￿￿#￿A￿+ ￿L_i*
A￿i ￿￿￿#￿AV,￿￿ E￿￿￿ ￿4T*￿it |￿i uL**L￿￿?} |￿hii￿hi}￿4i ￿￿￿#￿A￿+ 4L_i* uLh 5|
{5| ’
;
A A A A A A A A ?
A A A A A A A A =
￿
E￿￿E5|3￿ ￿ >E￿￿￿ n #|c ￿u 5|3￿ :S E2￿
#|c ￿u SE￿￿ ￿ 5|3￿ ￿ SE2￿
￿
E￿￿E5|3￿ ￿ >E￿￿￿ n #|c ￿u 5|3￿ ￿S E￿￿
E￿e￿
￿￿ihi ￿
E￿￿ ’ 4E￿￿ ￿ ￿￿ A￿￿t 4L_i* ￿t 4Lhi }i?ih@* |￿@? E￿￿c ￿￿￿U￿ ￿@t Mii? ￿ti_ ￿? 4Lt|
i4T￿h￿U@* ￿Lh!c @t ￿| @**L￿t uLh @t)44i|h￿U |￿hit￿L*_t @?_ @_￿￿t|4i?| T@h@4i|iht @t ￿i** @t
hi}￿4i tTiU￿￿U 4i@?t |￿@| @hi _￿gihi?| uhL4 |￿i ?i￿}￿MLh￿?} |￿hit￿L*_t￿
￿￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
5i￿ih@* tTiU￿@* U@tit Lu |￿i ￿￿￿#￿A￿+ 4L_i* E￿e￿c @?@*L}L￿t |L |￿i tTiU￿@* U@tit Lu
|￿i ￿￿￿#￿AV,￿￿c @hi Lu ￿?|ihit|￿ ￿ UL?|￿?￿L￿t 4L_i* ￿@t >E￿￿ ’ SE2￿ @?_ >E￿￿ ’ SE￿￿(
@ t)44i|h￿U |￿hit￿L*_ 4L_i* ￿@t SE2￿ ’ ￿SE￿￿ ’ S(@t)44i|h￿U @_￿￿t|4i?| 4L_i* ￿@t
4E￿￿ ’ 4E￿￿ ’ 4( @?_ @? ,"￿A￿+ 4L_i* hit￿*|t ￿￿i? >E￿￿ ’ >E￿￿ ’f ￿ ￿L|￿Ui |￿@| |￿i t)4￿
4i|h￿U ￿￿￿#￿A￿+ 4L_i* E￿￿c ￿ti_ 4Lt| Lu|i? ￿? i4T￿h￿U@* ￿Lh!c hit￿*|t uhL4 @ UL?|￿?￿L￿tc
t)44i|h￿U |￿hit￿L*_ @?_ t)44i|h￿U @_￿￿t|4i?| ￿￿￿#￿A￿+ 4L_i*e ￿
￿ Ait|￿?} uLh A￿hit￿L*_ ￿L￿?|i}h@|￿L?
￿@*!i @?_ 6L4M) E￿bb.￿ _￿tU￿tt tL4i Lu |￿i }i?ih@* ThLM*i4t @ttLU￿@|i_ ￿￿|￿ |it|￿?} uLh
|￿hit￿L*_ UL￿?|i}h@|￿L?￿ A￿i) ?L|i |￿@| |it|￿?} |￿i ?￿** ￿)TL|￿it￿t Lu ?L UL￿?|i}h@|￿L?
@}@￿?t| |￿i @*|ih?@|￿￿i ￿)TL|￿it￿t Lu |￿hit￿L*_ UL￿?|i}h@|￿L? ￿t UL4T*￿U@|i_ M) |￿i UL4M￿?@￿
|￿L? Lu ￿?￿| hLL| @t)4T|L|￿Ut @?_ |￿i Thiti?Ui Lu ?￿￿t@?Ui T@h@4i|iht |￿@| @hi L?*) Thiti?|
￿?_ih |￿i @*|ih?@|￿￿i ￿)TL|￿it￿t￿ ￿__￿|￿L?@**)c |L UL?t|h￿U| |it|t ￿￿|￿ ￿￿}￿ TL￿ih uLh @ tTi￿
U￿￿U |)Ti Lu AV,￿￿ |￿i tTiU￿￿U uLh4 Lu |￿i |￿hit￿L*_ 4L_i* ￿?_ih |￿i @*|ih?@|￿￿i }i?ih@**)
?ii_t |L Mi tTiU￿￿i_ @?_ it|￿4@|i_ @?_ |￿￿t U@? Mi _￿￿U￿*| t￿?Ui |￿ihi @hi 4@?) TLtt￿M*i
|)Tit Lu |￿hit￿L*_ 4L_i*t￿ ￿@ti_ L? |￿i L￿|UL4i Lu @ t4@** ti| Lu ￿L?|i ￿@h*L i Tih￿4i?|tc
￿@*!i @?_ 6L4M) t￿}}it| |￿i uL**L￿￿?} Th@U|￿U@* t|h@|i})￿ 6￿ht| |it| |￿i ?￿** ￿)TL|￿it￿t Lu
?L UL￿?|i}h@|￿L? @}@￿?t| |￿i @*|ih?@|￿￿i Lu E?L?￿|￿hit￿L*_￿ UL￿?|i}h@|￿L?￿ ￿i |c ￿u |￿i ￿)￿
TL|￿it￿t Lu ?L UL￿?|i}h@|￿L? ￿t hi￿iU|i_ |￿i? |it| uLh |￿hit￿L*_ ?L?*￿?i@h￿|)￿ Wu *￿?i@h￿|) ￿t
hi￿iU|i_c @ |￿￿h_ t|iTc ?L| ￿?￿it|￿}@|i_ M) ￿@*!i @?_ 6L4M)c ￿t @*tL ?iUitt@h)￿ A￿￿t ￿t |￿i
7 V|pphwulf dgmxvwphqw lq wkh Edqg0WDU prgho grhv qrw lpso| v|pphwulf dgmxvwphqw lq wkh EDQG0









￿eWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
tTiU￿￿U@|￿L? @?_ it|￿4@|￿L? Lu |￿i |￿hit￿L*_ 4L_i*￿
‘i UL?t￿_ih ti￿ih@* 4L_￿￿U@|￿L?t Lu |￿i ￿@*!i￿6L4M) ThLUi_￿hi uLh |it|￿?} |￿hit￿L*_
UL￿?|i}h@|￿L?￿ W? |￿i￿h ￿4T*i4i?|@|￿L? Lu |￿i |￿L t|iT t|h@|i})c ￿@*!i @?_ 6L4M) uLU￿t L?
|￿i ThLTih|￿it Lu |￿i ￿?￿￿@h￿@|i tih￿it 5| ’ ￿
￿T| @?_ ?L| L? |￿i ThLTih|￿it Lu |￿i 4￿*|￿￿@h￿@|i
ThLUitt _h￿￿￿?} T|￿ A￿@| ￿tc ￿? |￿i ￿ht| t|iT |￿i) ￿?￿it|￿}@|i_ |￿i TL￿ih ThLTih|￿it Lu ￿@h￿L￿t
hit￿_￿@*￿M@ti_ |it|t uLh ?L￿UL￿?|i}h@|￿L? L? 5| ￿? U@tit ￿￿ihi ￿ ￿t !?L￿? @?_ ￿?!?L￿? @?_
￿? |￿i tiUL?_ t|iT |￿i) UL?t￿_ihi_ TL￿ih ThLTih|￿it Lu ti￿ih@* ￿?￿￿@h￿@|i |it|t uLh *￿?i@h￿
￿|) Lu 5|￿ ‘i @_LT| @ t￿4￿*@h |￿L t|iT t|h@|i}) @t ￿@*!i @?_ 6L4M) M￿| uLU￿t ￿?t|i@_ L?
4￿*|￿￿@h￿@|i it|￿4@|￿L? @?_ |it|￿?} ThLUi_￿hit￿ A￿i ￿_i@ ￿t |￿@| ￿u |￿i M￿￿@h￿@|i AV,￿￿ ￿t
|￿i @TThLTh￿@|i 4L_i* |￿i? 4￿*|￿￿@h￿@|i ThLUi_￿hit |￿@| ￿|￿*￿3i |￿i t|h￿U|￿hi Lu |￿i 4L_i*
t￿L￿*_ ￿@￿i ￿￿}￿ih TL￿ih |￿@? ￿?￿￿@h￿@|i ThLUi_￿hit |￿@| ￿}?Lhi |￿i hit|h￿U|￿L?t ￿4TLti_ M)
|￿i 4￿*|￿￿@h￿@|i t|h￿U|￿hi￿ ￿UULh_￿?}*)c ￿? |￿i ￿ht| t|iT ￿i UL?t￿_ih |￿i TL￿ih Lu 4￿*|￿￿@h￿￿
@|i |it|t Lu |￿i ￿)TL|￿it￿t Lu ?L￿UL￿?|i}h@|￿L? @?_ ￿? |￿i tiUL?_ t|iT ￿i UL?t￿_ih |￿i TL￿ih
Lu 4￿*|￿￿@h￿@|i |it|t Lu *￿?i@h￿|)￿ W? |it|￿?} uLh ?L￿UL￿?|i}h@|￿L?c ￿@*!i @?_ 6L4M) _￿_ ?L|
UL?t￿_ih |it|t |￿@| 4@_i ￿ti Lu |￿i |￿hit￿L*_ ?@|￿hi Lu |￿i @*|ih?@|￿￿i￿ ‘i @*tL @__ |L |￿i￿h
@?@*)t￿t M) UL?t￿_ih￿?} tL4i hiUi?|*) _i￿i*LTi_ |it|t uLh ￿?￿| hLL|t |￿@| @hi _it￿}?i_ |L ￿@￿i
TL￿ih @}@￿?t| |￿hit￿L*_ @*|ih?@|￿￿it￿ 6￿?@**)c ￿i @__ @ |￿￿h_ t|iT |L |￿i @?@*)t￿t UL?t￿t|￿?}
Lu @ tTiU￿￿U@|￿L? @?@*)t￿t Lu |￿i uLh4 Lu |￿i |￿hit￿L*_ 4L_i* M@ti_ L? ?it|i_ ￿)TL|￿it￿t
|it|t ￿￿|￿￿? @ }i?ih@* ￿?hit|h￿U|i_ |￿hit￿L*_ 4L_i*￿ A￿i uL**L￿￿?} t￿M￿tiU|￿L?t _itUh￿Mi L￿h
@__￿|￿L?t |L |￿i ￿@*!i￿6L4M) 4i|￿L_L*L})￿
￿￿￿ Ait|￿?} uLh ￿L ￿L￿?|i}h@|￿L?
￿DWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
B￿￿i? |￿@| ￿i @tt￿4i |￿i UL￿?|i}h@|￿?} ￿iU|Lh ￿t !?L￿? @?_ UL?t|@?| @UhLtt hi}￿4it ￿?_ih
|￿hit￿L*_ UL￿?|i}h@|￿L?c ￿i @￿L￿_ 4@?) UL4T*￿U@|￿L?t @ttLU￿@|i_ ￿￿|￿ it|￿4@|￿?} }i?ih@*
4￿*|￿￿@h￿@|i |￿hit￿L*_ UL￿?|i}h@|￿L? 4L_i*tD ￿ 5|￿**c |￿i TL￿ih Lu |it|t uLh ?L UL￿?|i}h@|￿L?
@}@￿?t| |￿hit￿L*_ UL￿?|i}h@|￿L? _iTi?_ L? ￿L￿ |￿i |it| ￿t UL?t|h￿U|i_￿ ‘i ￿?￿it|￿}@|i |it|t Lu
|￿i ￿)TL|￿it￿t Lu ?L UL￿?|i}h@|￿L? @}@￿?t| |￿i @*|ih?@|￿￿i Lu *￿?i@h UL￿?|i}h@|￿L? @?_ @}@￿?t|
|￿i tTiU￿￿U @*|ih?@|￿￿i Lu |￿hit￿L*_ UL￿?|i}h@|￿L?￿
￿￿￿￿￿ Ait|￿?} ?L UL￿?|i}h@|￿L? @}@￿?t| *￿?i@h UL￿?|i}h@|￿L?
B￿￿i? |￿@| |￿i UL￿?|i}h@|￿?} ￿iU|Lh ￿ ￿t !?L￿?c t|@?_@h_ ￿?￿￿@h￿@|i ￿?￿| hLL| |it|t L? |￿i
UL￿?|i}h@|￿?} hit￿_￿@* 5| ’ ￿
￿T|3￿ U@? Mi ￿ti_ |L |it| |￿i ?L UL￿?|i}h@|￿L? ?￿** ￿)TL|￿it￿t￿
A￿i hit￿*|t Lu ￿￿TTi?}ih @?_ BLih￿?} E￿bb￿￿ @?_ ￿@*!i @?_ 6L4M) E￿bb.￿ t￿L￿ |￿@| t|@?_@h_
￿?￿| hLL| |it|t U@? ￿@￿i *L￿ TL￿ih ￿? ,"￿A￿+ @?_ ￿@?_￿A￿+ 4L_i*t ￿u |￿i @￿|Lhi}hitt￿￿i
ULi￿U￿i?|t ￿? |￿i L￿|ih hi}￿4it @hi U*Lti |L ￿ @?_%Lh |￿i ￿￿_|￿ Lu |￿i M@?_ hi*@|￿￿i |L
|￿i ￿@h￿@?Ui Lu |￿i ihhLht ￿t *@h}i￿ OL￿i￿ihc |L _@|i ?L L?i ￿@t UL?t￿_ihi_ 4￿*|￿￿@h￿@|i
|it|t |￿@| @hi M@ti_ L? @ !?L￿? UL￿?|i}h@|￿?} ￿iU|Lh￿ 5￿?Ui ￿i @tt￿4i |￿@| ￿?_ih |￿i
@*|ih?@|￿￿i Lu UL￿?|i}h@|￿L? T| ￿@t @ V,￿￿ t|h￿U|￿hi ￿i UL?t￿_ih OLh￿@|￿ @?_ ‘@|tL?<t
E￿bbD￿ 4￿*|￿￿@h￿@|i |it| uLh ?L￿UL￿?|i}h@|￿L?￿ A￿i V,￿￿ uLh T| ￿}?Lh￿?} |￿hit￿L*_ igiU|t ￿t




@?_ ￿?_ih |￿i ?￿** ￿)TL|￿it￿t Lu ?L UL￿?|i}h@|￿L? ￿ ’ f￿ OLh￿@|￿ @?_ ‘@|tL?<t |it| t|@|￿t|￿U
￿t |￿i t|@?_@h_ tii4￿?} ￿?hi*@|i_ hi}hitt￿L?t E5N+￿ ‘@*_ t|@|￿t|￿U uLh |it|￿?} ￿ ’ f @?_ ￿t
8 Jrq}￿ doh} dqg Jrq}dor +4<<<, glvfxvv whvwlqj iru wkuhvkrog frlqwhjudwlrq lq d jhqhudo iudphzrun zkhuh wkh
frlqwhjudwlqj yhfwru lv xqnqrzq1
￿SWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
}￿￿i? M)
M‘ ’ e ￿
￿ g ￿@oEe ￿￿
3￿e ￿ E￿D￿
￿￿ihi e ￿ _i?L|it |￿i Ei^￿@|￿L? M) i^￿@|￿L?￿ ￿w5 it|￿4@|i Lu ￿ @?_ g ￿@oEe ￿￿ ￿t |￿i ￿w5
it|￿4@|i Lu |￿i UL￿@h￿@?Ui 4@|h￿ Lu e ￿￿ N?_ih |￿i ?￿** Lu ?L UL￿?|i}h@|￿L? |￿i *￿4￿|￿?}
_￿t|h￿M￿|￿L? Lu M‘ ￿t @ u￿?U|￿L? Lu M￿￿@h￿@|i ￿hL￿?￿@? 4L|￿L?t @?_ OLh￿@|￿ @?_ ‘@|tL?
ThL￿￿_i |@M*it ￿￿|￿ |￿i @TThLTh￿@|i Uh￿|￿U@* ￿@*￿it￿
OLh￿@|￿ @?_ ‘@|tL? E￿bbD￿ t￿L￿ |￿@| |￿i￿h |it| U@? ￿@￿i 4￿U￿ Mi||ih TL￿ih @}@￿?t|
UL￿?|i}h@|i_ @*|ih?@|￿￿it |￿@? |￿i ￿?￿￿@h￿@|i ￿#6 ￿?￿| hLL| |it| L? 5| itTiU￿@**) ￿￿i? |￿i
ULhhi*@|￿L? Mi|￿ii? |￿i ihhLht ￿? %| ￿t t|hL?}￿ ￿__￿|￿L?@**)c ~￿￿L| E￿bbb￿ t￿L￿t |￿@| |￿i
OLh￿@|￿￿‘@|tL? |it| }i?ih@**) ￿@t ￿￿}￿ih TL￿ih |￿@? |￿i ￿#6 |it| ￿￿i? |￿i _)?@4￿Ut
Lu |￿i _@|@ ￿?￿@*￿_@|i |￿i UL44L? u@U|Lh hit|h￿U|￿L?t ￿4TLti_ M) |￿i ￿#6 |it|￿ B￿￿i?
|￿@| |￿i OLh￿@|￿￿‘@|tL? |it| }i?ih@**) TihuLh4t Mi||ih |￿@? |￿i ￿#6 |it| @}@￿?t| *￿?i@h
UL￿?|i}h@|￿L? @*|ih?@|￿￿it ￿| ￿t UL?￿iU|￿hi_ |￿@| ￿| ￿￿** ￿@￿i ￿￿}￿ih TL￿ih |￿@? |￿i ￿#6 |it|
@}@￿?t| |￿hit￿L*_ UL￿?|i}h@|￿L? @*|ih?@|￿￿it @t ￿i**￿
￿￿￿￿2 Ait|￿?} ￿L ￿L￿?|i}h@|￿L? ￿}@￿?t| A￿hit￿L*_ ￿L￿?|i}h@|￿L?
+iUi?|*) BL?3￿ @*it @?_ BL?3@*L E￿bb.￿c ￿@?ih @?_ O@?ti? E￿bbH￿c ,?_iht @?_ Bh@?}ih
E￿bbH￿c @?_ ￿ihMi? @?_ ￿@? #￿￿! E￿bbHc ￿bbb￿ ￿@￿i @__hitti_ |￿i ￿tt￿i Lu |it|￿?} uLh @
￿?￿| hLL| ￿? @ ￿?￿￿@h￿@|i @￿|Lhi}hitt￿￿i 4L_i* @}@￿?t| |￿i @*|ih?@|￿￿i Lu @ t|@|￿L?@h) A￿+
4L_i* @?_ |￿i) _i￿i*LT ￿?￿| hLL| |it|t |￿@| U@? ￿@￿i ￿￿}￿ih TL￿ih |￿@? |it|t |￿@| ￿}?Lhi
|￿i tTiU￿￿U ?@|￿hi Lu |￿i |￿hit￿L*_ @*|ih?@|￿￿i￿ W| @TTi@ht |￿i? |￿@| |￿iti 4i|￿L_t U@? Mi
@TT*￿i_ |L |￿i UL￿?|i}h@|￿?} hit￿_￿@* 5| ’ ￿
￿T|￿ OL￿i￿ihc ￿i 4￿t| Mi U@hiu￿* MiU@￿ti tL4i
￿.Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
Lu |￿iti ?i￿ |it|t hi^￿￿hi @tt￿4T|￿L?t @ML￿| |￿i ?@|￿hi Lu |￿i |h@?t￿|￿L? ￿@h￿@M*ic 5|3￿c |￿@|
@hi ?L| t@|￿t￿i_ ￿? |￿i Thiti?| UL?|i |￿ W? T@h|￿U￿*@hc |￿i |it|t Lu BL?3￿ @*it @?_ BL?3@*L
E￿bb.￿ @?_ ￿@?ih @?_ O@?ti? E￿bbH￿ hi^￿￿hi |￿i |￿hit￿L*_ ￿@h￿@M*i |L Mi t|@|￿L?@h) ￿?_ih
|￿i ￿?￿| hLL| ?￿**￿ 5￿?Ui ￿i ￿ti |￿i UL￿?|i}h@|￿?} hit￿_￿@* @t |￿i |h@?t￿|￿L? ￿@h￿@M*i |￿i |it|t
Lu BL?3￿ @*it @?_ BL?3@*L E￿bb.￿ @?_ ￿@?ih @?_ O@?ti? E￿bbH￿ @hi ?L| @TT*￿U@M*i￿ A￿i |it|t
Lu ,?_iht @?_ Bh@?}ih E￿bbH￿ @?_ ￿ihMi? @?_ ￿@? #￿￿! E￿bbHc ￿bbb￿ _L ?L| hi^￿￿hi |￿i
|h@?t￿|￿L? ￿@h￿@M*i |L Mi t|@|￿L?@h) @?_ tL @hi @TT*￿U@M*i ￿? |￿i Thiti?| UL?|i |￿




A A A ?
A A A =
￿
E2￿E5|3￿ ￿ S￿ n #|c ￿u 5|3￿ :S
￿
E￿￿E5|3￿ ￿ S￿ n #|c ￿u 5|3￿ ￿ S
E￿S￿
￿￿￿U￿ ￿t *￿!i |￿i M@?_￿A￿+ 4L_i* E￿e￿ ￿￿|￿ >E￿￿ ’ >E￿￿ ’ S tL |￿@| |￿i 4￿__*i hi}￿4i
￿@?￿t￿it￿ A￿i) it|￿4@|i |￿i |￿hit￿L*_ ￿@*￿i S ￿t￿?} |￿i t@4T*i 4i@? Lu 5|3￿ @?_ |it| |￿i
?￿** ￿)TL|￿it￿t |￿@| ￿
E￿￿ ’ ￿
E2￿ ’ f ￿t￿?} |￿i t|@?_@h_ 8￿t|@|￿t|￿U uhL4 |￿i hi}hitt￿L?
{5| ’ ￿
E￿￿E5|3￿ ￿ e S￿UE5|3￿ ￿ e S￿ n ￿
E2￿E5|3￿ ￿ e S￿E￿ ￿ UE5|3￿ ￿ e S￿￿ n
&3￿ [
￿’￿
￿￿{5|3￿ n #|c E￿.￿
￿￿ihi e S ￿t |￿i 4i@? Lu 5|3￿￿ N?_ih |￿i ?￿** Lu @ ￿?￿| hLL|c |￿i _￿t|h￿M￿|￿L? Lu |￿i 8￿t|@|￿t|￿U
￿t @ u￿?U|￿L? Lu ￿hL￿?￿@? 4L|￿L? @?_ ,B ThL￿￿_i |￿i @TThLTh￿@|i Uh￿|￿U@* ￿@*￿it￿ ,B ￿?_c
h@|￿ih t￿hTh￿t￿?}*)c |￿@| |￿i￿h 8￿|it| @U|￿@**) ￿@t *L￿ih TL￿ih |￿@? |￿i ￿#6 |￿|it| |￿@|
￿}?Lhit |￿i |￿hit￿L*_ ?@|￿hi Lu |￿i |￿L hi}￿4i @*|ih?@|￿￿i M￿| 4@) ￿@￿i ￿￿}￿ih TL￿ih |￿@?
|￿i ￿#6 |it| ￿? |￿hii hi}￿4i 4L_i*t ￿￿|￿ @t)44i|h￿U |￿hit￿L*_t @?_ _)?@4￿Ut￿ Oi?Uic |￿i
,B |it| 4@) ThL￿i ￿tiu￿* ￿? |￿i Thiti?| UL?|i |￿
￿HWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿ihMi? @?_ ￿@? #￿￿! E￿bbb￿c ￿ihi@u|ih ￿V#c TL￿?| L￿| |￿@| |￿i *L￿ TL￿ih Lu |￿i ,B |it|
hi*@|￿￿i |L |￿i ￿#6 |it| ￿t *￿!i*) _￿i |L |￿i u@U| |￿@| |￿i |it| 4@!it ￿ti Lu @ M￿@ti_ it|￿4@|i
Lu |￿i |￿hit￿L*_ T@h@4i|ih ￿?_ih |￿i @*|ih?@|￿￿i ￿)TL|￿it￿t￿ A￿i) _i￿i*LT @ 4Lhi TL￿ihu￿*
|it| |￿@| ￿tit @ UL?t￿t|i?| it|￿4@|i Lu |￿i |￿hit￿L*_ ￿?_ih |￿i @*|ih?@|￿￿i￿ A￿i￿h |it| ￿t M@ti_
L? |￿i t|@?_@h_ 8￿t|@|￿t|￿U uLh |it|￿?} |￿i ?￿** ￿)TL|￿it￿t ￿
E￿￿ ’ ￿
E2￿ ’ f ￿? E￿.￿ ￿￿ihi S
￿t it|￿4@|i_ uhL4 E￿S￿ M) ti^￿i?|￿@* UL?_￿|￿L?@* *i@t| t^￿@hitS ￿ ￿V# t￿L￿ |￿@| |￿i￿h 8￿
t|@|￿t|￿U U@? ￿@￿i 4￿U￿ ￿￿}￿ih TL￿ih |￿@? ,B<t 8￿t|@|￿t|￿U uLh |￿i |￿L hi}￿4i 4L_i* E￿S￿ ￿u
|￿i _)?@4￿Ut @hi ￿￿}￿*) @t)44i|h￿U￿ W| hi4@￿?t |L Mi tii? ￿L￿ ￿V#<t 8￿t|@|￿t|￿U TihuLh4t
uLh |￿hii hi}￿4i ￿￿￿#￿A￿+ 4L_i*t￿ ,￿i? |￿L￿}￿ |￿i ￿V# |it| ￿t _it￿}?i_ uLh |￿L￿hi}￿4i
A￿+ @*|ih?@|￿￿itc |￿i |it| t￿L￿*_ @*tL ￿@￿i TL￿ih @}@￿?t| |￿hii￿hi}￿4i A￿+ @*|ih?@|￿￿it￿ AL
tii ￿￿)c ￿uc uLh i @4T*ic @ |￿hii￿hi}￿4i A￿+ 4L_i* ￿t |￿i |h￿i 4L_i* |￿i? |￿i hit￿*|t Lu ￿@￿
E￿bb.￿ t￿L￿ |￿@| |￿i *i@t| t^￿@hit it|￿4@|i Lu |￿i |￿hit￿L*_ L? |￿i 4￿ttTiU￿￿i_ |￿L hi}￿4i
4L_i* ￿￿** Mi UL?t￿t|i?| uLh L?i Lu |￿i |￿hit￿L*_t￿ Oi?Uic L?i Lu |￿i it|￿4@|i_ @￿|Lhi}hitt￿￿i
ULi￿U￿i?|t ￿? E￿.￿ t￿L￿*_ Mi *itt |￿@? 3ihL @?_ |￿￿t ￿￿** }￿￿i |￿i |it| TL￿ih￿
￿￿2 Ait|￿?} w￿?i@h￿|)
￿?Ui ￿| ￿@t Mii? _i|ih4￿?i_ |￿@| T| ￿t UL￿?|i}h@|i_ ￿￿|￿ !?L￿? UL￿?|i}h@|￿?} ￿iU|Lh ￿c |￿i
?i | t|iT ￿t |L _i|ih4￿?i ￿u |￿i _)?@4￿Ut ￿? |￿i UL￿?|i}h@|￿?} hi*@|￿L?t￿￿T ￿t *￿?i@h Lh i ￿￿M￿|t
|￿hit￿L*_ ?L?*￿?i@h￿|)￿ 5i￿ih@* ￿?￿￿@h￿@|i @?_ 4￿*|￿￿@h￿@|i |it|t uLh *￿?i@h￿|) |￿@| ￿@￿i TL￿ih
@}@￿?t| |￿hit￿L*_ ?L?*￿?i@h @*|ih?@|￿￿it ￿@￿i Mii? ThLTLti_ @?_ ￿i Mh￿i￿) hi￿￿i￿ |￿i4 ￿ihi￿
9 EYG ghulyh wkh dv|pswrwlf glvwulexwlrq ri wkh I￿vwdwlvwlf edvhg rq wkh dvvxpswlrq ri d _guliwlqj wkuhvkrog%
lq whupv ri wkh pd{lpxp dqg plqlpxp ydoxhv ri }w￿4 lq wkh vdpsoh dqg vkrz wkdw lw lv d ixqfwlrq ri vwdqgdug
Eurzqldq prwlrq dqg sdudphwhuv ￿4>￿5 5 +3>4, wkdw duh ghwhuplqhg iurp wkh gdwd1 Wkh| wdexodwh fulwlfdo
ydoxhv iru ydulrxv ydoxhv ri ￿4 dqg ￿5 dqg surylgh dq dojrulwkp iru frpsxwlqj dssur{lpdwh s￿ydoxhv1
￿bWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿@*!i @?_ 6L4M) |it| uLh *￿?i@h￿|) ￿? |￿i ￿?￿￿@h￿@|i UL￿?|i}h@|￿?} hit￿_￿@* 5| ’ ￿
￿T| M)
|it|￿?} uLh t|h￿U|￿h@* Mhi@!t ￿? @? @hh@?}i_ @￿|Lhi}hitt￿L? uLh 5|￿ ￿? @hh@?}i_ @￿|Lhi}hitt￿L?
uLh 5| Lh_iht |￿i _@|@ @UULh_￿?} |L |￿i ￿@*￿i Lu |￿i |￿hit￿L*_ ￿@h￿@M*ic ￿ihi 5|3￿c￿?t|i@_ Lu M)
|￿4i￿ A￿i hi@hh@?}i4i?| Lu |￿i _@|@ _Lit ?L| @*|ih |￿i _)?@4￿U hi*@|￿L?t￿￿T Mi|￿ii? 5| @?_
￿| *@}t @?_ ￿t ￿tiu￿* uLh _i|iU|￿?} |￿hit￿L*_ ?L?*￿?i@h￿|) t￿?Ui |￿i i ￿t|i?Ui Lu @ |￿hit￿L*_
￿? |￿i |￿4i Lh_ihi_ _@|@ |h@?t*@|it ￿?|L @ t|h￿U|￿h@* U￿@?}i ￿? |￿i hi@hh@?}i_ _@|@￿ Nt￿?}
@hh@?}i_ @￿|Lhi}hitt￿L?t uLh 5|c ￿@*!i @?_ 6L4M) UL?t￿_ih At@)<t E￿bHb￿ ?L?T@h@4i|h￿U |it|
uLh t|h￿U|￿h@* U￿@?}i M@ti_ L? hiU￿ht￿￿i hit￿_￿@*t @t ￿i** @t t￿T￿‘@*_ |)Ti |it|t uLh L?i @?_
|￿L Mhi@!t￿ At@)<t |it| ￿@t |￿i @||h@U|￿￿i ThLTih|) |￿@| ￿| ￿t ￿?_iTi?_i?| Lu |￿i uLh4 Lu
|￿hit￿L*_ ?L?*￿?i@h￿|) @?_ ￿|t *￿4￿|￿?} _￿t|h￿M￿|￿L? ￿t ￿?_iTi?_i?| Lu ?￿￿t@?Ui T@h@4i|iht￿
A￿i _￿t|h￿M￿|￿L?t Lu |￿i t￿T￿‘@*_ |)Ti |it|tc ￿L￿i￿ihc @hi UL4T*￿U@|i_ M) |￿i u@U| |￿@| |￿i
it|￿4@|i_ Mhi@! _@|it @hi ?L| ￿_i?|￿￿i_ ￿?_ih |￿i ?￿** ￿)TL|￿it￿t Lu *￿?i@h￿|) @?_ ?ii_ |L
Mi t￿4￿*@|i_ Lh MLL|t|h@TTi_ L? @ U@ti M) U@ti M@t￿t￿ ￿@ti_ L? @ t4@** ￿L?|i ￿@h*L t|￿_)c
￿@*!i @?_ 6L4M) ￿?_ |￿@| |￿i At@) |it| @?_ |￿i 5￿T￿‘@*_ |it| uLh L?i Mhi@! ￿@￿i t￿4￿*@h
TL￿ih @}@￿?t| |￿i t)44i|h￿U |￿hii hi}￿4i ,"￿A￿+ @?_ ￿￿￿#￿A￿+ 4L_i*t @?_ |￿@| |￿i
t￿T￿‘@*_ |it| uLh |￿L Mhi@!t ￿@t |￿i Mit| TL￿ihc @*|￿L￿}￿ ￿| |i?_t |L Mi t￿3i _￿t|Lh|i_￿
At@) E￿bbH￿ }i?ih@*￿3it ￿￿t ￿?￿￿@h￿@|i |it| uLh |￿hit￿L*_ ?L?*￿?i@h￿|) M@ti_ L? @hh@?}i_
@￿|Lhi}hitt￿L?t |L 4￿*|￿￿@h￿@|i 4L_i*t @?_ t￿L￿t |￿@| ￿| ￿t @*tL ￿@*￿_ uLh UL￿?|i}h@|i_ ThL￿
Uittit￿ Oi?Ui ￿| ￿t Lu ￿?|ihit| |L tii ￿L￿ ￿￿t 4￿*|￿￿@h￿@|i |it| TihuLh4t hi*@|￿￿i |L ￿￿t ￿?￿￿
￿@h￿@|i |it| ￿? |￿i Thiti?| UL?|i |￿ AL ￿4T*i4i?| ￿￿t |it| ￿? |￿i Thiti?| UL?|i | ￿i ?ii_ |L
UL?t￿_ih @? @hh@?}i_ 4￿*|￿￿@h￿@|i hi}hitt￿L? uLh |￿i V,￿￿￿ #i|@￿*t Lu |￿￿t |it| @hi UL4T*￿￿
2fWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
U@|i_ @?_ @hi _itUh￿Mi_ ￿? |￿i @TTi?_￿ ￿
O@?ti? E￿bb.c￿bbb￿ _itUh￿Mit @?L|￿ih 4i|￿L_ uLh |it|￿?} |￿i ?￿** ￿)TL|￿it￿t Lu *￿?i@h￿|)
￿iht￿t |￿i @*|ih?@|￿￿i Lu @ A￿+E6￿ 4L_i*c ￿￿ihi 6 _i?L|it |￿i ?￿4Mih Lu hi}￿4itc M@ti_
L? ?it|i_ ￿)TL|￿it￿t |it|t￿ AL ￿**￿t|h@|ic UL?t￿_ih |￿i A￿+E￿￿ 4L_i* uLh 5| ’ ￿
￿T| ￿? ES￿￿
￿ *￿?i@h @￿|Lhi}hitt￿￿ic Lh A￿+E￿￿c 4L_i* hit￿*|t ￿?_ih |￿i hit|h￿U|￿L?t |￿@| B
E￿￿ ’ B @?_
4E￿￿ ’ ￿c ; ￿￿ O@?ti?<t *￿?i@h￿|) |it| ￿t @ |it| Lu |￿i ?￿** ￿)TL|￿it￿t Lu A￿+E￿￿ @}@￿?t| |￿i





￿￿ihi 7￿ @?_ 76 _i?L|i |￿i t￿4 Lu t^￿@hi_ hit￿_￿@*t uhL4 |￿i it|￿4@|￿L? Lu @ A￿+E￿￿ 4L_i*
@?_ @ A￿+E6￿ 4L_i*c hitTiU|￿￿i*)￿ ￿ _h@￿M@U! Lu |￿￿t ThLUi_￿hi ￿t |￿@| |￿i @t)4T|L|￿U
_￿t|h￿M￿|￿L?t Lu |￿i t￿T￿8 |it|t @hi ￿?￿￿i?Ui_ M) |￿i ￿?￿_i?|￿￿i_ |￿hit￿L*_ T@h@4i|iht ￿?_ih
|￿i ?￿** ￿)TL|￿it￿t Lu *￿?i@h￿|)c |￿i tL￿U@**i_ #@￿￿it ThLM*i4 Etii #@￿￿it E￿b..c ￿bH.￿￿c @?_
t￿4￿*@|￿L? |iU￿?￿^￿it 4￿t| Mi ￿ti_ |L i￿@*￿@|i |￿iti _￿t|h￿M￿|￿L?t L? @ U@ti￿M)￿U@ti M@t￿t￿
O@?ti? t￿L￿t |￿@| @ t￿4T*i MLL|t|h@T ThLUi_￿hi U@? Mi ￿ti_ |L UL4T￿|i R￿￿@*￿it uLh ￿@h￿L￿t
*￿?i@h￿|) |it|t @?_ ￿i ￿ti |￿￿t ThLUi_￿hi ￿? L￿h @?@*)t￿t￿ ￿ ￿tiu￿* M) ThL_￿U| Lu |￿￿t |it|￿?}
t|h@|i}) ￿t |￿i it|￿4@|￿L? Lu |￿i T@h@4i|iht Lu |￿i A￿+E6￿ 4L_i*t￿ O@?ti?<t *￿?i@h￿|)
|it|￿?} ThLUi_￿hi ￿@t |￿i @TT@hi?| @_￿@?|@}i L￿ih At@)<t ?L?T@h@4i|h￿U ThLUi_￿hit t￿?Ui ￿|
￿t M@ti_ L? |￿i tTiU￿￿U uLh4 Lu |￿i |￿hit￿L*_ 4L_i* ￿?_ih |￿i @*|ih?@|￿￿i￿ O@?ti?<t |it|￿?}
ThLUi_￿hi ￿@t ?L| Mii? ￿?￿it|￿}@|i_ @}@￿?t| ￿￿￿#￿A￿+ 4L_i*t @?_ ￿i i￿@*￿@|i ￿| ￿ihi. ￿
: Li wkh wuxh prgho lv wkh EDQG0WDU prgho rqh zrxog olnh d gluhfw whvw ri wkh olqhdu dxwruhjuhvvlyh prgho
djdlqvw wkh EDQG0WDU+p,1 Krzhyhu/ wkh vwdwlrqdu| WDU+4, lv qrw qhvwhg zlwklq wkh jhqhudo EDQG0
WDU+p,> h{fhsw lq yhu| vshfldo flufxpvwdqfhv/ dqg vr Kdqvhq*v OU0w|sh whvwv edvhg rq qhvwhg prghov duh
qrw dssursuldwh1
2￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
‘i ?L|i |￿@| O@?ti?<t 4i|￿L_ uLh |it|￿?} *￿?i@h￿|) ￿? ￿?￿￿@h￿@|i A￿+ 4L_i*t M@ti_ L?
?it|i_ ￿)TL|￿it￿t |it|t U@? Mi i@t￿*) i |i?_i_ |L |it| *￿?i@h￿|) ￿? 4￿*|￿￿@h￿@|i AV,￿￿t￿ ‘i
t￿4T*) |it| |￿i ?￿** ￿)TL|￿it￿t Lu @ *￿?i@h V,￿￿ @}@￿?t| |￿i @*|ih?@|￿￿i Lu @ AV,￿￿E6￿
uLh tL4i 6:￿￿ A￿i 4Lt| UL?￿i?￿i?| |it| t|@|￿t|￿U |L ￿ti ￿? |￿￿t U@ti ￿t |￿i t￿T￿w+ t|@|￿t|￿U
E￿￿￿U￿ ￿t i^￿￿￿@*i?| |L |￿i t￿T￿‘@*_￿
u-￿6 ’ AE*?Em e Pm￿ ￿*?Em e P6Ee Uc e _￿m￿￿
￿￿ihi e P @?_ e P6Ee Uc e _￿ _i?L|i |￿i it|￿4@|i_ hit￿_￿@* UL￿@h￿@?Ui 4@|h￿Uit uhL4 |￿i *￿?i@h
V,￿￿ @?_ 6￿hi}￿4i AV,￿￿c hitTiU|￿￿i*)￿ Nt￿?} |￿i @h}￿4i?|t ￿? O@?ti? E￿bb.￿c |￿i
_￿t|h￿M￿|￿L? Lu |￿i t￿T￿w+ t|@|￿t|￿U ￿￿** Mi ?L?￿t|@?_@h_￿ ‘i ￿ti O@?ti?<t MLL|t|h@T ThLUi￿
_￿hi |L UL4T￿|i R￿￿@*￿it uLh ￿@h￿L￿t *￿?i@h￿|) |it|t M@ti_ L? u-￿6￿
￿￿￿ ￿L_i* 5TiU￿￿U@|￿L?
B￿￿i? |￿@| ￿i hi￿iU| ?L UL￿?|i}h@|￿L? @?_ *￿?i@h￿|)c ￿L￿ _L ￿i _i|ih4￿?i ￿￿￿U￿ !￿?_ Lu
|￿hit￿L*_ 4L_i* ￿t @TThLTh￿@|i uLh |￿i _@|@q OL￿ 4@?) hi}￿4it @hi ￿? |￿i 4L_i*q W? @
|￿hii hi}￿4i 4L_i* @hi |￿i |￿hit￿L*_ ￿@*￿it t)44i|h￿Uq Wt @ UL?|￿?￿L￿t |￿hit￿L*_ 4L_i*
tTiU￿￿U@|￿L? @TThLTh￿@|iq Wt @? ,"￿A￿+ 4L_i* Lh ,"￿AV,￿￿ 4Lhi @TThLTh￿@|i |￿@?
@ ￿￿￿#￿A￿+ 4L_i* Lh ￿￿￿#￿AV,￿￿q A￿iti @hi |￿i !￿?_t Lu ^￿it|￿L?t |￿@| ?ii_ @?￿
t￿ih￿?} ￿? @? i4T￿h￿U@* @?@*)t￿t￿ A￿L @TThL@U￿it ￿@￿i }i?ih@**) Mii? |@!i? |L _i|ih4￿?i
|￿i @TThLTh￿@|i |￿hit￿L*_ tTiU￿￿U@|￿L? Lu @ 4L_i*￿ A￿i ￿ht| @TThL@U￿c @_￿LU@|i_ M) AL?}
E￿bbf￿c ￿*i4i?|t @?_ Oih3L} E￿bbH￿c @?_ At@) E￿bbH￿c ￿tit @ 4L_i* ti*iU|￿L? Uh￿|ih￿L? *￿!i
￿W￿ |L _i|ih4￿?i |￿i Mit| tTiU￿￿U@|￿L? uhL4 |￿i _@|@￿ A￿i tiUL?_ @TThL@U￿c hiUi?|*) hi￿
22Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿￿i￿i_ M) O@?ti? E￿bbb￿c ￿tit @ ti^￿i?|￿@* |it|￿?} ThLUi_￿hi M@ti_ L? ?it|i_ 4L_i*t￿ ‘i
uL**L￿ O@?ti? @?_ UL?t￿_ih ?it|i_ ￿)TL|￿itit |it|t M@ti_ L? ￿?hit|h￿U|i_ it|￿4@|￿L? Lu A￿+
4L_i*t @?_ AV,￿￿t￿
A￿i |h@?t@U|￿L?t ULt| |￿iLh) Lu UL44L_￿|) @hM￿|h@}i hi￿￿i￿i_ ￿? tiU|￿L? 2 ￿4T*￿it @
|￿hii hi}￿4i t)44i|h￿U |￿hit￿L*_ @?_ t)44i|h￿U @_￿￿t|4i?| ￿￿￿#￿A￿+ 4L_i* uLh 5| @t
￿i** @t @ |￿hii hi}￿4i t)44i|h￿U |￿hit￿L*_ @?_ t)44i|h￿U @_￿￿t|4i?| ￿￿￿#￿AV,￿￿ uLh
T|￿ A￿i t)44i|h￿U ￿￿￿#￿A￿+ 4L_i* ￿t ?it|i_ ￿￿|￿￿? @? ￿?hit|h￿U|i_ A￿+E￿￿ 4L_i* @?_
|￿i t)44i|h￿U ￿￿￿#￿AV,￿￿ ￿t ?it|i_ ￿￿|￿￿? @? ￿?hit|h￿U|i_ AV,￿￿E￿￿￿ A￿￿t ?it|i_
t|h￿U|￿hi @**L￿t uLh @ t)t|i4@|￿U tTiU￿￿U@|￿L? @?@*)t￿t￿
￿L?t￿_ih ￿ht| |￿i _i|ih4￿?@|￿L? Lu |￿i ?￿4Mih Lu hi}￿4it￿ B￿￿i? |￿@| *￿?i@h￿|) ￿t hi￿iU|i_
￿? u@￿Lh Lu |￿hit￿L*_ ?L?*￿?i@h￿|)c |L _i|ih4￿?i ￿u @ A￿+E￿￿ 4L_i* uLh 5| ￿t @TThLTh￿@|i ￿i
U@? uL**L￿ O@?ti? E￿bbb￿ @?_ |it| Lu |￿i ?￿** Lu @ A￿+E2￿ 4L_i* @}@￿?t| |￿i @*|ih?@|￿￿i Lu






￿￿ihi 72 @?_ 7￿ _i?L|i |￿i t￿4 Lu t^￿@hi_ hit￿_￿@*t uhL4 |￿i it|￿4@|￿L? Lu @? ￿?hit|h￿U|i_
A￿+E2￿ 4L_i* @?_ @? ￿?hit|h￿U|i_ A￿+E￿￿ 4L_i*c hitTiU|￿￿i*)￿ 5￿4￿*@h*)c |L _i|ih4￿?i ￿u @
AV,￿￿E￿￿ uLh T| ￿t @TThLTh￿@|i ￿i U@? |it| |￿i ?￿** Lu @ AV,￿￿E2￿ @}@￿?t| |￿i @*|ih?@|￿￿i
Lu @ AV,￿￿E￿￿ ￿t￿?} |￿i w+ t|@|￿t|￿U
u-2￿ ’ AE*?Eme P2Ee Sc e _￿m￿ ￿ *?Em e P￿Ee Uc e _￿m￿￿￿
￿￿ihi e P2Ee Sc e _￿ @?_ e P￿Ee Uc e _￿ _i?L|i |￿i it|￿4@|i_ hit￿_￿@* UL￿@h￿@?Ui 4@|h￿Uit uhL4 |￿i
￿?hit|h￿U|i_ V,￿￿E2￿ @?_ AV,￿￿E￿￿c hitTiU|￿￿i*)￿ ￿t ￿￿|￿ |￿i *￿?i@h￿|) |it|t _￿tU￿tti_
2￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
Thi￿￿L￿t*)c |￿i @t)4T|L|￿U _￿t|h￿M￿|￿L?t Lu 82￿ @?_ u-2￿ @hi ?L?t|@?_@h_ @?_ MLL|t|h@T
4i|￿L_t U@? Mi ￿ti_ |L UL4T￿|i @TThL ￿4@|i R￿￿@*￿it￿
￿i |c UL?t￿_ih tTiU￿￿U@|￿L? |it|t uLh |￿i ￿￿￿#￿A￿+ 4L_i* @?_ |￿i ￿￿￿#￿AV,￿￿￿
￿￿@? E￿bb￿￿ t￿L￿t |￿@| |￿i |￿hit￿L*_ it|￿4@|it uhL4 it|￿4@|￿?} ￿?hit|h￿U|i_ Et|@M*i￿ A￿+
4L_i*t @hi t￿TihUL?t￿t|i?| EUL?￿ih}i @| h@|i A￿ @?_ |￿@| |￿i hi4@￿?￿?} T@h@4i|iht @hi
@t)4T|L|￿U@**) ?Lh4@**) _￿t|h￿M￿|i_c ￿￿|￿ |￿i ￿t￿@* uLh4￿*@t uLh UL￿@h￿@?Ui 4@|h￿Uitc @?_
￿?_iTi?_i?| Lu |￿i |￿hit￿L*_ it|￿4@|it￿ At@) E￿bbH￿ }￿￿it @?@*L}L￿t hit￿*|t uLh |￿i T@h@4i￿
|iht Lu t|@M*i Lh UL￿?|i}h@|i_ AV￿+ 4L_i*t￿ A￿i t￿TihUL?t￿t|i?U) Lu |￿i |￿hit￿L*_t 4i@?t
|￿@| |￿i it|￿4@|i_ |￿hit￿L*_t U@? Mi |hi@|i_ @t |￿i |h￿i |￿hit￿L*_t uLh ￿?uihi?Ui T￿hTLtit
hi}@h_￿?} |￿i hi4@￿?￿?} T@h@4i|iht￿ Oi?Uic ‘@*_ |it|t Lu hit|h￿U|￿L?t L? |￿i T@h@4i|iht Ei ￿
U*￿_￿?} |￿i |￿hit￿L*_t￿ U@? Mi UL4T￿|i_ ￿? |￿i ￿t￿@* ￿@) @?_ |￿iti |it|t ￿@￿i @t)4T|L|￿U
U￿￿￿t^￿@hi _￿t|h￿M￿|￿L?t￿ w+ |it|t U@? @*tL Mi UL4T￿|i_ M￿| @hi 4Lhi ULt|*) |￿@? ‘@*_ |it|t
MiU@￿ti |￿i) hi^￿￿hi |￿i it|￿4@|￿L? Lu hit|h￿U|i_ |￿hit￿L*_ 4L_i*tH ￿ W?uihi?Ui hi}@h_￿?}
|￿i |￿hit￿L*_tc ￿L￿i￿ihc ￿t ThLM*i4@|￿U t￿?Ui |￿i *￿4￿|￿?} _￿t|h￿M￿|￿L? Lu |￿i |￿hit￿L*_t uhL4
￿?hit|h￿U|i_ it|￿4@|￿L? ￿t ?L?t|@?_@h_ @?_ }i?ih@**) _iTi?_t L? |￿i ?￿t￿@?Ui T@h@4i|iht
@?_ |￿i _@|@c tii O@?ti? E￿bb.￿￿
e ￿L?|i ￿@h*L +it￿*|t
W? |￿￿t tiU|￿L? ￿i ￿ti ￿L?|i ￿@h*L 4i|￿L_t |L UL4T@hi |￿i TihuLh4@?Ui Lu |￿i ￿?￿￿@h￿￿
@|i @?_ 4￿*|￿￿@h￿@|i ThLUi_￿hit |L @?@*)3i @ M￿￿@h￿@|i |￿hit￿L*_ UL￿?|i}h@|￿L? 4L_i*￿ ‘i
; Wkh hvwlpdwlrq ri uhvwulfwhg wkuhvkrog prghov uhtxluhv frqvlghudeoh surjudpplqj frvwv dqg khqfh wkh
frpsxwdwlrq ri OU whvwv lv qrw wulyldo1 Krzhyhu/ wkh ￿qlwh vdpsoh ehkdylru ri OU whvwv pd| eh ehwwhu wkdq
wkh ￿qlwh vdpsoh ehkdylru ri Zdog whvwv1
2eWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
UL4T@hi |￿i TihuLh4@?Ui Lu |it|t uLh ?L UL￿?|i}h@|￿L? @}@￿?t| |￿i @*|ih?@|￿￿it Lu *￿?i@h UL￿?￿
|i}h@|￿L? @?_ |￿hit￿L*_ UL￿?|i}h@|￿L?c ￿i UL4T@hi |￿i TihuLh4@?Uit Lu |it|t _it￿}?i_ |L
U@T|￿hi |￿hit￿L*_ ?L?*￿?i@h￿|)c ￿i UL4T@hi _￿gihi?| it|￿4@|￿L? t|h@|i}￿it uLh ￿@h￿L￿t !￿?_t
Lu |￿hit￿L*_ 4L_i*t @?_ ￿i i￿@*￿@|i tTiU￿￿U@|￿L? |it|t M@ti_ L? ?it|i_ ￿)TL|￿it￿t |it|t￿
N?*itt ?L|i_ L|￿ih￿￿tic @** i Tih￿4i?|t @hi M@ti_ L? ￿fff hiT*￿U@|￿L?t￿
e￿￿ #it￿}? Lu |￿i i Tih￿4i?|t
A￿i _it￿}? uLh L￿h ti| Lu ￿L?|i ￿@h*L i Tih￿4i?|t ￿t |￿i L?i ￿ti_ M) ￿@*!i @?_ 6L4M)
E￿bb.￿b ￿ A￿i) tTiU￿u) @ UL￿?|i}h@|i_ t)t|i4 uLh T| ’ ER￿|cR2|￿￿ @t
R￿| ￿￿R2| ’ 5|c
R￿| ￿2R2| ’ ￿|
￿| ’ ￿|3￿ n ￿|
￿￿ihi 5| uL**L￿t i￿|￿ih @ UL?|￿?￿L￿t t)44i|h￿U ,"￿A￿+ 4L_i* @t ￿? E2￿c ￿￿|￿ ￿f ’f c Lh @
UL?|￿?￿L￿t t)44i|h￿U ￿￿￿#￿A￿+ 4L_i* @t ￿? E￿￿￿ W? ML|￿ U@titc #| @?_ ￿| @hi ￿￿￿￿_￿ ￿Efc￿￿
h@?_L4 ￿@h￿@M*itc ￿ ’ 4￿￿’￿f￿ScS’￿ cD @?_ ￿fc @?_ A ’ ￿ffc2Df @?_ Dff￿ A￿i ￿4T*￿i_
UL?|￿?￿L￿t @?_ t)44i|h￿U ￿￿￿#￿AV,￿￿ ￿t }￿￿i? M) E￿2￿ @?_ E￿￿￿ ￿￿|￿ ￿
E￿￿
￿ ’ ￿￿￿H@ ? _
￿
E￿￿
2 ’ ￿f￿SE ￿ ’￿ c￿￿c @?_ |￿i ULhhi*@|￿L? Mi|￿ii? |￿i ihhLht ￿? |￿i ￿￿￿#￿AV,￿￿ ￿t
SJooE0￿|c02|￿ ’f ￿bH￿ A￿￿t ￿4T*￿i_ T@h@4i|ih￿3@|￿L? Lu |￿i ￿￿￿#￿AV,￿￿ ￿t @ M￿| L__
t￿?Ui |￿i tTii_ Lu @_￿￿t|4i?| ULi￿U￿i?|t @hi ML|￿ ?i}@|￿￿i @?_ |￿i ihhLht @hi ￿ih) ￿￿}￿*)
ULhhi*@|i_￿
< Zh xvh wkh Edonh0Irpe| ghvljq pdlqo| wr fkhfn rxu frgh dqg wr frpsduh rxu pxowlyduldwh phwkrgv zlwk
wkh xqlyduldwh phwkrgv xvhg e| Edonh dqg Irpe|1
2DWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
e￿2 +it￿*|t uLh ￿@*!i￿6L4M) #it￿}?
A@M*i ￿ t￿44@h￿3it |￿i hit￿*|t uLh |￿i |it|t Lu ?L￿UL￿?|i}h@|￿L? uLh |￿i ," @?_ ￿￿￿#
4L_i*t￿ A￿i TL￿iht Lu @** |it|t @hi ￿￿}￿ih uLh |￿i ," tTiU￿￿U@|￿L? |￿@? uLh |￿i ￿￿￿#
tTiU￿￿U@|￿L? @?_ |￿i TL￿ih ￿t ￿￿}￿ih uLh t4@**ih ￿@*￿it Lu |￿i |￿hit￿L*_t￿ 6Lh |￿i |it|t |￿@|
￿}?Lhi |￿i |￿hit￿L*_ ?@|￿hi Lu |￿i @*|ih?@|￿￿ic |￿i 4￿*|￿￿@h￿@|i OLh￿@|￿￿‘@|tL? EO‘￿ |it|
￿@t @ML￿| |￿￿Ui |￿i TL￿ih @t |￿i ￿?￿￿@h￿@|i ￿#6 |it|t uLh ML|￿ |￿i ," @?_ ￿￿￿# 4L_i*t￿
OL￿i￿ihc |￿i TL￿iht Lu |￿i ,B @?_ ￿V# |it|tc ￿￿￿U￿ |@!i @UUL￿?| Lu |￿i |￿hit￿L*_ ?@|￿hi
Lu |￿i @*|ih?@|￿￿ic ￿@￿i ￿￿}￿ih TL￿ih |￿@? |￿i O‘ |it|￿ W? T@h|￿U￿*@hc |￿i ￿V# |it| ￿@t
i Ui**i?| TL￿ih uLh 4L_ih@|i t@4T*i t￿3it￿
A@M*i 2 }￿￿it |￿i hit￿*|t uLh |￿i *￿?i@h￿|) |it|t￿ ￿t ￿￿|￿ |￿i |it|t uLh ?L UL￿?|i}h@|￿L?c |￿i
*￿?i@h￿|) |it|t ￿@￿i ￿￿}￿ih TL￿ih uLh |￿i ," tTiU￿￿U@|￿L?￿ 6Lh |￿i ￿￿￿# tTiU￿￿U@|￿L?c @** Lu
|￿i |it|t ￿@￿i *L￿ TL￿ih uLh t4@** t@4T*i t￿3it @?_ |￿i TL￿ih _iUhi@tit ￿￿|￿ |￿i 4@}?￿|￿_i
Lu |￿i |￿hit￿L*_t￿ 5L4i￿￿@| t￿hTh￿t￿?}*)c |￿i ￿?￿￿@h￿@|i |it|t }i?ih@**) ￿@￿i ￿￿}￿ih TL￿ih
|￿@? |￿i 4￿*|￿￿@h￿@|i |it|t i￿i? uLh *@h}i t@4T*i t￿3it￿ A￿￿t UL￿*_ Mi _￿ic ￿L￿i￿ihc |L |￿i
hit|h￿U|￿￿i ?@|￿hi Lu |￿i _@|@ }i?ih@|￿?} ThLUitt￿ A￿i ￿?￿￿@h￿@|i 8￿2 @?_ 8￿￿ t|@|￿t|￿Ut ￿@￿i
t*￿}￿|*) ￿￿}￿ih TL￿ih |￿@? |￿i ￿?￿￿@h￿@|i At@) t|@|￿t|￿Uc ￿￿|￿ 8￿2 ￿@￿￿?} ￿￿}￿ih TL￿ih |￿@?
8￿￿c @?_ |￿i 4￿*|￿￿@h￿@|i u-￿2 @?_ u-￿￿ t|@|￿t|￿Ut ￿@￿i ￿￿}￿ih TL￿ih |￿@? |￿i 4￿*|￿￿@h￿@|i
At@) t|@|￿t|￿U￿
A@M*it ￿ @?_ e Thiti?|t ￿L?|i ￿@h*L 4i@?t @?_ t|@?_@h_ _i￿￿@|￿L?t uLh |￿i it|￿4@|i_
T@h@4i|iht Lu |￿i ￿￿￿# tTiU￿￿U@|￿L? LM|@￿?i_ uhL4 ￿?hit|h￿U|i_ ￿?￿￿@h￿@|i A￿+ 4L_i*t @?_
4￿*|￿￿@h￿@|i AV,￿￿t￿ A￿i it|￿4@|i_ ￿?￿￿@h￿@|i 4L_i* ￿t ES￿ @?_ |￿i it|￿4@|i_ 4￿*|￿￿@h￿@|i
2SWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
4L_i* ￿t E￿f￿￿ ,t|￿4@|￿L? Lu |￿i 4L_i*t ￿t TihuLh4i_ ￿t￿?} ti^￿i?|￿@* UL?_￿|￿L?@* *i@t|
t^￿@hit @t L￿|*￿?i_ M) O@?ti? E￿bbb￿ @?_ i T*@￿?i_ ￿? |￿i @TTi?_￿ ￿ 6￿ht|c UL?t￿_ih |￿i
it|￿4@|i_ |￿hit￿L*_t￿ A￿i ￿?￿￿@h￿@|i @?_ 4￿*|￿￿@h￿@|i it|￿4@|it Lu |￿i |￿hit￿L*_t ML|￿
U@T|￿hi |￿i t)44i|h) Lu |￿i |h￿i |￿hit￿L*_t @?_ @hi ?￿4ih￿U@**) ￿ih) U*Lti￿ A￿i) @hi ML|￿
M￿@ti_ |L￿@h_t 3ihLc ￿￿|￿ |￿i M￿@t ￿?Uhi@t￿?} ￿￿|￿ |￿i 4@}?￿|￿_i Lu |￿i |￿hit￿L*_tc @?_ |￿i
M￿@t t*L￿*) _iUhi@tit ￿￿|￿ |￿i t@4T*i t￿3i￿ A￿i @TT@hi?| t*L￿ UL?￿ih}i?Ui Lu |￿i |￿hit￿L*_t
￿t t￿hTh￿t￿?} }￿￿i? |￿i hit￿*| uhL4 ￿￿@? E￿bb￿￿ |￿@| |￿i |￿hit￿L*_t @hi t￿Tih￿UL?t￿t|i?|￿
6￿}￿hi ￿ ￿**￿t|h@|it |￿i @t)44i|h￿U _￿t|h￿M￿|￿L? Lu |￿i |￿hit￿L*_ it|￿4@|it uLh |￿i M@?_
tTiU￿￿U@|￿L? ￿￿|￿ S ’ ￿@ ? _A ’2 D f ￿ A￿i ￿￿t|L}h@4 Lu |￿i |￿hit￿L*_t U*i@h*) t￿L￿t |￿@|
|￿ihi ￿t UL?t￿_ih@M*i ￿?Uih|@￿?|) ￿? |￿i it|￿4@|it uLh 4L_ih@|i t@4T*i t￿3it￿ ￿i |c UL?t￿_ih
|￿i it|￿4@|it Lu |￿i hi}￿4i tTiU￿￿U 4i@?t￿ 6Lh ML|￿ ￿?￿￿@h￿@|i @?_ 4￿*|￿￿@h￿@|i 4L_i*tc |￿i
it|￿4@|i_ 4i@?t _L￿?￿@h_ M￿@ti_ M￿| @hi U*Ltih L? @￿ih@}i |L |￿i |h￿i |￿hit￿L*_tc ￿￿￿U￿
@hi i^￿@* |L |￿i |h￿i 4i@?t ￿? |￿i UL?|￿?￿L￿t tTiU￿￿U@|￿L? ￿ti_ ￿ihic |￿@? |￿i it|￿4@|i_
|￿hit￿L*_t￿ OL￿i￿ihc |￿ihi ￿t t￿Mt|@?|￿@**) 4Lhi ￿?Uih|@￿?|) ￿? |￿i it|￿4@|i_ 4i@?t |￿@?
￿? |￿i it|￿4@|i_ |￿hit￿L*_t￿ 6￿?@**)c UL?t￿_ih |￿i it|￿4@|it Lu |￿i tTii_ Lu @_￿￿t|4i?|
T@h@4i|iht￿ A￿i it|￿4@|it ￿? |￿i L￿|ih hi}￿4it @hi ￿ih) t￿4￿*@hc U@T|￿hi |￿i t)44i|h)
Lu |￿i |h￿i 4L_i*c @hi U*Ltit| |L |￿i |h￿i ￿@*￿it uLh S ’ ￿ @?_ |i?_ |L Mi M￿@ti_ |L￿@h_t
?L?t|@|￿L?@h) ￿@*￿it @t |￿i |￿hit￿L*_ M@?_ ￿?Uhi@tit￿ A￿i it|￿4@|it ￿? |￿i 4￿__*i hi}￿4i @hi
}i?ih@**) M￿@ti_ |L￿@h_ t|@|￿L?@h) ￿@*￿it M￿| t￿L￿ UL?t￿_ih@M*) 4Lhi t@4T*￿?} ￿?Uih|@￿?|)
|￿@? |￿i L￿|ih hi}￿4i it|￿4@|it￿ ￿￿ih@**c @** Lu |￿i it|￿4@|it *LL! hi@tL?@M*i L? @￿ih@}i M￿|
|￿ihi ￿t UL?t￿_ih@M*i t@4T*￿?} ￿?Uih|@￿?|) i￿i? uLh u@￿h*) *@h}i t@4T*i t￿3it￿
2.Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
A@M*i D Thiti?|t hit￿*|t uLh |￿i it|￿4@|i_ T@h@4i|iht Lu |￿i hit|h￿U|i_ ￿￿￿#￿A￿+ 4L_i*
@?_ |￿i hit|h￿U|i_ ￿￿￿#￿AV,￿￿ @t ￿i** @t ‘@*_ @?_ w+ |it|t uLh |￿i hit|h￿U|￿L?t ￿4TLti_
M) |￿iti 4L_i*t￿ A￿i ‘@*_ @?_ w+ |it|t M@ti_ L? |￿i A￿+ 4L_i* ES￿ @hi uLh |￿i ?￿**
￿)TL|￿it￿t Lu @ M@?_ tTiU￿￿U@|￿L? ￿￿|￿ t)44i|h￿U @_￿￿t|4i?| ￿￿|￿ i^￿@* hi}￿4i tTiU￿￿U
4i@?tG 4E￿￿ ’ 4E￿￿cB
E￿￿ ’ ￿B
E￿￿c4 E2￿ ’ ￿cB
E2￿ ’f ￿ A￿i |it|t M@ti_ L? |￿i AV,￿￿ ED￿ @hi
















2 c￿E2￿ ’ fc￿E2￿ ’f ￿ A￿i
hit|h￿U|i_ it|￿4@|it Lu |￿i |￿hit￿L*_t @hi 4￿U￿ U*Ltih |L |￿i |h￿i ￿@*￿it |￿@? |￿i ￿?hit|h￿U|i_
it|￿4@|it @?_ |￿i t@4T*￿?} ￿?Uih|@￿?|) ￿t @*tL 4￿U￿ t4@**ih￿ A￿￿t hit￿*| ￿t t|h￿!￿?} }￿￿i?
￿￿@? @?_ At@)<t E￿bbH￿ hit￿*| |￿@| |￿i |￿hit￿L*_ it|￿4@|it uhL4 @ UL?|￿?￿L￿t A￿+ 4L_i*
UL?￿ih}i @| @ t*L￿ih h@|i |￿@? |￿i |￿hit￿L*_ it|￿4@|it uhL4 @? ￿?hit|h￿U|i_ E_￿tUL?|￿?￿L￿t￿
A￿+ 4L_i*￿ A￿i hit|h￿U|i_ it|￿4@|it Lu |￿i UL44L? @￿|Lhi}hitt￿￿i ULi￿U￿i?| ￿? |￿i L￿|ih
hi}￿4it ￿t t*￿}￿|*) _L￿?￿@h_ M￿@ti_ uLh t4@** ￿@*￿it Lu |￿i |￿hit￿L*_ @?_ t*￿}￿|*) ￿T￿@h_
M￿@ti_ uLh *@h}i ￿@*￿it￿ A￿i DI ‘@*_ @?_ w+ |it|t Lu |￿i hit|h￿U|￿L?t ￿4TLti_ M) |￿i
UL?|￿?￿L￿tc t)44i|h￿U |￿hit￿L*_ 4L_i*t @hi t￿Mt|@?|￿@**) t￿3i￿_￿t|Lh|i_ i￿i? uLh *@h}i t@4T*i
t￿3it￿ A￿i *@h}i t￿3i _￿t|Lh|￿L?t ￿?_￿U@|i |￿@| |￿i @t)4T|L|￿U ?Lh4@* _￿t|h￿M￿|￿L?t Lu |￿i
it|￿4@|i_ T@h@4i|iht @hi ?L| }LL_ @TThL ￿4@|￿L?t |L |￿i ￿?￿|i t@4T*i _￿t|h￿M￿|￿L?t @?_
|￿@| tTiU￿￿U@|￿L? |it|t M@ti_ L? ?it|i_ ￿)TL|￿it￿t |it|t @hi itti?|￿@**) ￿ti*itt￿
D ￿TT*￿U@|￿L? |L N￿5￿ #￿t@}}hi}@|i_ ￿h￿Ui #@|@
D￿￿ #@|@ #itUh￿T|￿L?
‘i ￿ti N￿5￿ ￿￿hi@￿ Lu w@MLh 5|@|￿t|￿Ut 4L?|￿*) Th￿Ui ￿?_i it uhL4 #iUi4Mihc ￿bHS |￿hL￿}￿
a￿?ic ￿bbS￿ A￿iti UL?t￿t| Lu e￿ U@|i}Lh￿it Lu }LL_t uLh 2b U￿|￿itc @*|￿L￿}￿ _￿i |L 4￿tt￿?}
2HWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
_@|@ ￿? tL4i tih￿it ￿i hit|h￿U| L￿h @?@*)t￿t |L e￿ U@|i}Lh￿it￿ #i|@￿*t Lu |￿i _@|@ U@? Mi
uL￿?_ ￿? ￿TTi?_￿ ￿￿ A￿i _@|@ @hi |￿i t@4i @t |￿@| ￿ti_ hiUi?|*) M) ,?}i* @?_ +L}iht
E￿bbH￿￿ ￿L4T@hi_ |L |￿i ￿?_￿￿￿_￿@* }LL_t Th￿Ui _@|@ ￿ti_ M) ￿@ht*i) @?_ ‘i￿ E￿bbS￿ @?_
￿<￿L??i** @?_ ‘i￿ E￿bb.￿c L￿h _@|@ @hi *itt tTiU￿￿U @?_ 4Lhi @}}hi}@|i_ M￿| UL￿ih @ *@h}ih
}iL}h@T￿￿U@* _￿tTiht￿L?￿ ￿? @_￿@?|@}i Lu ￿t￿?} Th￿Ui ￿?_i _@|@ ￿t |￿@| |￿i Th￿Ui ￿?_i uLh
@ T@h|￿U￿*@h }LL_ ￿t *itt *￿!i*) |L Mi @giU|i_ M) |￿i 4@h!i|￿?} Mi￿@￿￿Lh Lu L?i Lh @ ui￿
4@?￿u@U|￿hiht Lh ￿￿L*it@*iht ￿￿￿U￿ U@? _￿t|Lh| |￿i igiU| Lu @hM￿|h@}i uLhUit L? Th￿Uit￿
‘i UL?t￿_ih M￿￿@h￿@|i t)t|i4t Lu *L} Th￿Uit Lu UL44L? }LL_t ￿? _￿gihi?| *LU@|￿L?t hi*￿
@|￿￿i |L @ Mi?U￿4@h! U￿|)￿ 6L**L￿￿?} ￿<￿L??i** @?_ ‘i￿ E￿bb.￿ ￿i U￿LLti ￿i￿ ￿h*i@?t @t
L￿h Mi?U￿4@h! U￿|)￿ wi| R￿
&c| _i?L|i |￿i *L} Th￿Ui Lu }LL_ & ￿? *LU@|￿L? ￿ Ei U*￿_￿?} |￿i
Mi?U￿4@h! *LU@|￿L?￿ @| 4L?|￿ | @?_ *i| R￿￿
&c| _i?L|i |￿i *L} Th￿Ui Lu }LL_ & ￿? ￿i￿ ￿h￿
*i@?tc L￿h Mi?U￿4@h! U￿|)￿ ‘￿|￿ e￿ }LL_t @?_ 2H U￿|￿it Ei U*￿_￿?} |￿i Mi?U￿4@h!￿ ￿i ￿@￿i
￿c￿eH M￿￿@h￿@|i t)t|i4t Lu *L} Th￿Uit￿ N?_ih |￿i @tt￿4T|￿L? |￿@| *L} Th￿Uit @hi UE￿￿c |￿i
w￿￿ ￿?_￿U@|it |￿@|c uLh @** ￿ @?_ & UL?t￿_ihi_c ER￿
&c|cR ￿￿
&c| ￿￿ ￿t UL￿?|i}h@|i_ ￿￿|￿ UL￿?|i}h@|￿?}
￿iU|Lh E￿c￿￿￿￿￿ ￿UULh_￿?}*)c uLh i@U￿ t)t|i4 Lu *L} Th￿Uit ￿i @*tL UL?t|h￿U| |￿i *L} Th￿Ui
_￿gihi?|￿@* EUL￿?|i}h@|￿?} hit￿_￿@*￿ _i￿?i_ @t 5￿
&c| ’ R￿
&c| ￿ R￿￿
&c| ￿ ‘i ?L|i |￿@| L￿h @?@*)t￿t
Lu w￿￿ _i￿￿@|￿L?t _￿giht uhL4 |￿@| Lu ￿<￿L??i** @?_ ‘i￿ E￿bb.￿ ￿? |￿@| ￿i _L ?L| }hL￿T
t￿4￿*@h }LL_tc Lh @** }LL_t uhL4 @ T@h|￿U￿*@h U￿|)c ￿?|L T@?i*t￿ ￿￿h ￿￿i￿ ￿t |￿@| T@?i* 4L_i*t
￿4TLti |LL 4@?) hit|h￿U|￿L?t L? Th￿Ui _)?@4￿Ut |￿@| @hi *￿!i*) |L Mi ￿￿L*@|i_ ￿? |￿i _@|@￿
2bWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
D￿2 Ait|￿?} A￿hit￿L*_ ￿L￿?|i}h@|￿L?
W? |￿￿t t￿M￿tiU|￿L?c ￿i TihuLh4 tL4i Thi*￿4￿?@h) @?@*)t￿t L? |￿i _@|@ |L ￿**￿t|h@|i tL4i
ThLTih|￿it @?_ t|)*￿3i_ u@U|t￿ ￿t |￿i ￿ht| t|iT ￿? L￿h @?@*)t￿t Lu |￿i w￿￿c ￿i |it| |￿i ?￿**
￿)TL|￿it￿t Lu ?L UL￿?|i}h@|￿L? uLh M￿￿@h￿@|i t)t|i4t Lu *L} Th￿Ui _@|@￿ ‘i |￿i? ￿?￿it|￿}@|i
@ 4i@t￿hi Lu Tiht￿t|i?Ui ￿? |￿i _i￿￿@|￿L? uhL4 |￿i *@￿ Lu L?i Th￿Ui M) ￿||￿?} *￿?i@h ￿+E￿￿
4L_i*t @?_ UL4T￿|￿?} ￿@*u￿*￿￿it￿ ￿i |c ￿i t￿44@h￿3i |￿i @_￿￿t|4i?| Mi￿@￿￿Lh Lu *L} Th￿Ui
_￿gihi?Uit M) ￿||￿?} *￿?i@h V,￿￿t￿ 6￿?@**)c ￿i |it| uLh *￿?i@h￿|)￿
A@M*i S }￿￿it |￿i hit￿*|t Lu ￿@h￿L￿t |it|t uLh ?L￿UL￿?|i}h@|￿L?￿ 6Lh i@U￿ |it|c ￿i UL￿?| |￿i
?￿4Mih Lu M￿￿@h￿@|i Th￿Ui t)t|i4t ￿? i@U￿ U@|i}Lh) Lu |￿i 2H }LL_t @?_ tih￿￿Uit uLh ￿￿￿U￿
￿i hi￿iU| |￿i ?￿** ￿)TL|￿it￿t Lu ?L UL￿?|i}h@|￿L? @| |￿i ￿fI *i￿i*￿ ‘i ￿L￿*_ i TiU| |￿i
w￿￿ |L ￿L*_ @?_c ￿i?Uic UL￿?|i}h@|￿L? |L Mi uL￿?_ uLh t)t|i4t Lu Th￿Uit Lu |h@_@M*i ￿L4L}i￿
?L￿t }LL_t ￿? |￿i @Mti?Ui Lu }L￿ih?4i?| Th￿Ui UL?|hL*t￿ ￿#6 |it|t L? |￿i w￿￿ _i￿￿@|￿L?
5￿
&c|c ￿L￿i￿ihc }i?ih@**) ￿?_￿U@|i |￿i Thiti?Ui Lu ￿?￿| hLL|t￿ 5L4i i UiT|￿L?t @hi |h@_@M*i
}LL_t t￿U￿ @t 6hit￿ 6h￿￿|t @?_ Vi}i|@M*itc 6￿i*tc ￿i?<t @?_ ￿L)<t ￿TT@hi* @?_ ￿L|Lh 6￿i*t￿
￿Lhi t￿}}it|￿￿i hit￿*|t i4ih}i uhL4 |￿i @TT*￿U@|￿L? Lu |￿i 4￿*|￿￿@h￿@|i OLh￿@|￿￿‘@|tL? |it|￿
￿L￿?|i}h@|￿L? ￿t }i?ih@**) uL￿?_ ￿? U@|i}Lh￿it ￿￿|￿ hi*@|￿￿i*) ￿L4L}i?L￿t ThL_￿U|t E￿i@|tc
6hit￿ 6h￿￿|t @?_ Vi}i|@M*itc ,}}tc 6￿i*tc 6￿t￿ @?_ 5i@uLL_c ￿L￿*|h)c ￿L|Lh 6￿i*t￿ @?_ ￿t
}i?ih@**) ?L| uL￿?_ ￿? U@|i}Lh￿it |￿@| UL?|@￿? hi*@|￿￿i*) ￿i|ihL}i?iL￿t }LL_t @?_ tih￿￿Uit
ENti_ ￿@ht￿c U@|i}Lh￿it Lu }LL_t t￿M￿iU| |L ti￿ihi ui_ih@* Lh t|@|i }L￿ih?4i?| ￿?|ih￿i?|￿L?t
t￿U￿ @t |@ @|￿L? @?_ t@*i hi}￿*@|￿L?t E￿*UL￿L*￿U ￿i￿ih@}itc ALM@UUL @?_ 54L!￿?} ￿hL_￿U|t￿c
￿fWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
@?_ _L4it|￿U@**) Lh￿i?|i_ }LL_t @?_ tih￿￿Uit EOL￿ti￿L*_ ￿@￿?|i?@?Ui @?_ +iT@￿htc ￿ihtL?@*
@?_ ,_￿U@|￿L?@* , Ti?titc +it￿_i?|￿@* +i?|c ￿￿|L4LM￿*i ￿@￿?|i?@?Ui @?_ +iT@￿ht￿￿ A￿i
hit￿*|t uhL4 |￿i ,B @?_ ￿V# |it|t @hi @*4Lt| |￿i t@4i @t |￿Lti uhL4 |￿i O‘ |it| @?_
￿?_￿U@|i |￿@| @ ui￿ 4Lhi |h@_@M*i }LL_t U@|i}Lh￿it i ￿￿M￿| UL￿?|i}h@|￿L? E￿ihi@*t @?_ ￿@!￿
ih) ￿hL_￿U|t @?_ ￿hLUitti_ 6h￿￿|t @?_ Vi}i|@M*it￿￿ OL￿i￿ihc ￿| ￿t T￿33*￿?} |￿@| |￿i ,B
@?_ ￿V# |it|t ￿?_ UL￿?|i}h@|￿L? ￿? |￿i ?L?|h@_@M*i U@|i}Lh) ￿|￿ih +i?|ih<t ￿Lt|t @?_
+it￿_i?|￿@* +i?|￿
A@M*i . t￿44@h￿3it |￿i hit￿*|t uhL4 it|￿4@|￿?} ￿+E￿￿ 4L_i*t |L |￿i *L} Th￿Ui _￿gihi?￿
|￿@*t￿ ￿L?t￿t|i?| ￿￿|￿ |￿i L￿|UL4it Lu |￿i O‘c ,B @?_ ￿V# ?L UL￿?|i}h@|￿L? |it|tc |￿i
U@|i}Lh￿it |￿@|c L? @￿ih@}ic ￿@￿i ￿￿}￿*) Tiht￿t|i?| w￿￿ _i￿￿@|￿L?t @hi }LL_t @?_ tih￿￿Uit
|￿@| @hi hi*@|￿￿i*) ￿i|ihL}i?iL￿tc }LL_t t￿M￿iU| |L ti￿ihi ui_ih@* Lh t|@|i }L￿ih?4i?| ￿?￿
|ih￿i?|￿L?t @?_ _L4it|￿U@**) Lh￿i?|i_ }LL_t￿ ￿|￿ih ￿TT@hi* ￿L44L_￿|￿it @?_ W?u@?|t< @?_
AL__*iht< ￿TT@hi*t @hi @?L4@*￿it ￿? |￿￿t }hL￿T￿ ￿h￿Ui _￿gihi?Uit Lu hi*@|￿￿i*) ￿L4L}i?L￿t
ThL_￿U|t |i?_ |L ￿@￿i t|hL?}ih 4i@?￿hi￿ih|￿?} Mi￿@￿￿Lh ￿￿|￿ ￿@*u￿*￿￿it *itt |￿@? ￿ 4L?|￿t￿
W?|ihit|￿?}*)c |￿i t|@?_@h_ _i￿￿@|￿L?t Lu |￿i @￿|Lhi}hitt￿￿i ULi￿U￿i?|t ￿? i@U￿ U@|i}Lh) Lu
|￿￿t }hL￿T @hi 4￿U￿ ￿￿}￿ih |￿@? ￿? |￿i L|￿ih }hL￿Tt￿
AL }i| @? ￿?_￿U@|￿L? Lu |￿i TL|i?|￿@* @t)44i|h) Lu |￿i _)?@4￿Ut ￿? Th￿Ui @_￿￿t|4i?|
￿i it|￿4@|i t￿4T*i *￿?i@h V,￿￿t uLh |￿i Th￿Ui T@￿ht |￿@| @TTi@h |L Mi UL￿?|i}h@|i_ M@ti_
L? |￿i L￿|UL4it Lu |￿i ?L UL￿?|i}h@|￿L? |it|t￿ ‘i }i?ih@**) ￿?_ i￿￿_i?Ui uLh @t)44i|h)
￿? |￿i @_￿￿t|4i?| Lu }LL_t Th￿Uit |L |￿i w￿￿ Mi|￿ii? Uih|@￿? *LU@|￿L?t￿ 6Lh i @4T*ic
A@M*i H t￿44@h￿3it |￿i it|￿4@|i_ tTii_ Lu @_￿￿t|4i?| T@h@4i|iht uLh |￿i V,￿￿ ￿t￿?} |￿i
￿￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿i￿ vLh!￿￿i￿ ￿h*i@?t Th￿Ui _@|@￿ A￿i it|￿4@|i_ ULi￿U￿i?|t uLh ￿￿￿ @hi hi*@|￿￿i*) *@h}i
@?_ TLt￿|￿￿i EuhL4 f￿￿ |L f￿e￿c @?_ |￿i it|￿4@|it uLh ￿￿t @hi ?i}@|￿￿i @?_ U*Lti |L 3ihL￿
￿TT@hi?|*)c Th￿Uit ￿? ￿i￿ ￿h*i@?t |i?_ |L RU@|U￿ ￿T￿ |L Th￿Uit ￿? ￿i￿ vLh! ￿? hitTL?ti |L
w￿￿ _i￿￿@|￿L?t ￿￿￿*i |￿i Th￿Uit ￿? ￿i￿ vLh! @hi ￿?@giU|i_￿
B￿￿i? |￿@| UL￿?|i}h@|￿L? ￿t uL￿?_ ￿? tL4i U@|i}Lh￿itc ￿i ThLUii_ |L |it| uLh *￿?i@h￿|)￿ A￿i
hit￿*|t M@ti_ L? ￿fI |it|t @hi hiTLh|i_ ￿? A@M*i b￿ ￿L|￿ |￿i ￿?￿￿@h￿@|i @?_ 4￿*|￿￿@h￿@|i
At@)<t |it|t ￿?_ 4Lhi i￿￿_i?Ui Lu ?L?*￿?i@h￿|) |￿@? |￿i O@?ti?￿|)Ti 8 @?_ u- |it|t￿ A￿￿t
hit￿*| 4@) Mi _￿i |L |￿i u@U| |￿@| |￿i uLh4ih |￿L |it|t @hi ?L?￿T@h@4i|h￿U @?_ 4@) Mi
t￿M￿iU|i_ |L *itt 4L_i* 4￿t￿tTiU￿￿U@|￿L? ihhLh￿ ￿*tLc |￿i hi￿iU|￿L?t Lu *￿?i@h￿|) 4￿t| Mi
￿?|ihThi|i_ ￿￿|￿ U@hi MiU@￿ti |￿i |it|t @hi _it￿}?i_ |L |it| uLh *￿?i@h￿|) ￿￿|￿￿? @ t|@|￿L?@h)
?￿** ￿)TL|￿it￿t￿ Wu |￿i _@|@ ￿@￿i ￿?￿| hLL| Lh ?i@h ￿?￿| hLL| Mi￿@￿￿Lh |￿i t￿3i Lu |￿i |it|t
4@) Mi _￿t|Lh|i_￿ ￿i￿ih|￿i*ittc @** uL￿h |it|t u@￿* |L ￿?_ |￿i T@||ih? Lu Tiht￿t|i?Ui ￿? w￿￿
_i￿￿@|￿L?t ￿? A@M*i . @?_ @hi ?L| ￿ih) ￿?uLh4@|￿￿i￿
D￿￿ ,t|￿4@|￿L? +it￿*|t uLh A￿hit￿L*_ ￿L_i*t
￿@ti_ L? |￿i hit￿*|t Lu |￿i ?L￿UL￿?|i}h@|￿L? |it|t ￿? |￿i Thi￿￿L￿t tiU|￿L? @?_ L￿h ￿?_￿?} |￿@|
tTiU￿￿U@|￿L? |it|t @hi *￿!i*) ti￿ihi*) t￿3i _￿t|Lh|i_c ￿i ￿ti |￿i UL?|￿?￿L￿t @?_ t)44i|h￿U ￿ih￿
t￿L?t Lu |￿i A￿+ 4L_i* E￿e￿ @?_ AV,￿￿ ￿? E￿￿￿ |L U￿@h@U|ih￿3i |￿i ?L?*￿?i@h _)?@4￿Ut uLh
U@|i}Lh￿it |￿@| UL?|@￿?t |￿hit￿L*_￿UL￿?|i}h@|i_ Th￿Uit￿ ‘i it|￿4@|i 4L_i*t L?*) uLh |￿i U￿|)
T@￿ht Lu |￿i U@|i}Lh￿it |￿@| @TTi@h |L Mi |￿hit￿L*_￿UL￿?|i}h@|i_c @| |￿i ￿fI *i￿i*c M@ti_ L?
|￿i L￿|UL4i Lu |￿i ￿V# |it|c ￿￿￿U￿ ￿i ￿?_ |L Mi |￿i 4Lt| TL￿ihu￿* |it| uLh _i|iU|￿?} ￿@?_￿
A￿+ |)Ti UL￿?|i}h@|￿L? ￿ ￿) it|￿4@|￿?} |￿iti 4L_i*tc ￿i @||i4T| |L @?t￿ih |￿i uL**L￿￿?}
￿2Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
^￿it|￿L?tG E￿￿ ￿@? ￿i _i|iU| u@t|ih UL?￿ih}i?Ui |L |￿i w￿￿ ￿￿i? |￿hit￿L*_ ?L?*￿?i@h￿|) ￿t
LMtih￿i_q E￿￿￿ W? |￿i Thiti?Ui Lu |￿hit￿L*_￿|)Ti ?L?*￿?i@h￿|)c ￿t |￿ihi @t)44i|h) ￿? Th￿Ui
@_￿￿t|4i?|t Mi|￿ii? |￿L U￿|￿itq
￿iU@￿ti |￿i RM@?_t Lu ?L @hM￿|h@}i￿ ￿? |￿iti 4L_i*t @hi t)44i|h￿Uc ￿| ￿t hi@tL?@M*i
|L _i4i@? |￿i _@|@ tL |￿@| 3ihL MiUL4it |￿i i^￿￿*￿Mh￿￿4 *i￿i* Lh |￿i }*LM@* ￿?UL?_￿|￿L?@*
4i@? Lu |￿i Th￿Ui _￿gihi?Uit￿ OL￿i￿ihc ￿?*￿!i ￿Mt|ui*_ @?_ A@)*Lh E￿bb.￿c ￿i ￿?_ ?L @ Th￿Lh￿
hi@tL? |L _i|hi?_ |￿i _@|@￿ A@M*i ￿f hiTLh|t |￿i it|￿4@|i_ ULi￿U￿i?|t uhL4 |￿i ￿?￿￿@h￿@|i
@?_ 4￿*|￿￿@h￿@|i |￿hit￿L*_ 4L_i*t￿ ‘i t￿44@h￿3i |￿i hit￿*|t ￿￿|￿ |￿i 4i_￿@? it|￿4@|it
￿￿|￿￿? i@U￿ U@|i}Lh)￿ A￿i ￿4ThL￿i4i?| ￿? |￿i it|￿4@|i_ tTii_ Lu Th￿Ui @_￿￿t|4i?| uLh |￿i
￿?￿￿@h￿@|i 4L_i* ￿t @t|L?￿t￿￿?}￿ A￿i 4i_￿@?t Lu |￿i ULi￿U￿i?| it|￿4@|it Lu |￿i *￿?i@h ihhLh
ULhhiU|￿L? 4L_i* @hi ￿ih) U*Lti |L 3ihL￿ A￿@| Lu |￿i A￿+ 4L_i* ￿t t￿}?￿￿U@?|*) t4@**ih￿ A￿￿t
tii4t |L Mi @ ui@|￿hi Lu |￿i A￿+ 4L_i* ￿￿ihi @_￿￿t|4i?| ￿t uLhUi_ |L￿@h_t i￿|￿ih |￿i M@?_t
Lh |￿i i^￿￿*￿Mh￿￿4￿ a￿_}￿?} uhL4 |￿i ￿@*u￿*￿uit UL4T￿|i_c |￿i Tiht￿t|i?Ui @*4Lt| _￿t@TTi@ht￿
A￿￿t tii4t |L Mi @ ui@|￿hi Lu |￿i A￿+ 4L_i* ￿￿ihi @_￿￿t|4i?| ￿t uLhUi_ |L￿@h_t i￿|￿ih |￿i
M@?_t Lh |￿i i^￿￿*￿Mh￿￿4￿ ￿t)44i|h) ￿? _)?@4￿Ut ￿t @*tL @TT@hi?| ￿? |￿i it|￿4@|it uhL4
|￿i AV,￿￿￿ ￿L|￿Ui |￿@|c ￿? }i?ih@*c Th￿Uit ￿? ￿i￿ ￿h*i@?t |i?_ |L U@|U￿ ￿T |L |￿i Th￿Uit Lu
|￿i L|￿ih U￿|￿it 4￿U￿ u@t|ih |￿@? |￿i *@||ih Th￿Uit |i?_ |L _iUhi@ti￿ A￿i ULi￿U￿i?|t Lu Th￿Ui
@_￿￿t|4i?| uLh L|￿ih U￿|￿it h@?}i uhL4 ￿f￿￿De2 |L f￿f2b.￿ vi|c uLh i @4T*ic |￿i ULi￿U￿i?|t
uLh ￿i￿ ￿h*i@?t U@? Mi @t ￿￿}￿ @t f￿SeH￿ E￿i@|t￿ @?_ f￿.D￿e E,?|ih|@￿?4i?| 5ih￿￿Uit￿￿
A￿i ￿@*￿it Lu |￿i t)44i|h￿U |￿hit￿L*_t it|￿4@|i_ uhL4 |￿i AV,￿￿ @hi }h@T￿i_ ￿?
6￿}￿hi 2￿ Wu |￿i ?L|￿L? Lu UL44L_￿|) @hM￿|h@}i ￿t |h￿ic i￿ih)|￿￿?} i*ti Mi￿?} UL?t|@?|c ￿i
￿￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
t￿L￿*_ i TiU| |￿i t￿@Ti Lu |￿i M@h U￿@h|t |L ￿@￿i t￿4￿*@h T@||ih?tc ￿?_￿U@|￿?} |￿@| 4@h!i|
uh￿U|￿L?t @}@￿?t| Th￿Ui @_￿￿t|4i?| Mi|￿ii? |￿L U￿|￿it _iTi?_t L? tL4i U￿@h@U|ih￿t|￿Ut Lu
|￿i U￿|) T@￿h( uLh ￿?t|@?Uic _￿t|@?Ui￿f ￿ 6hL4 6￿}￿hi 2c ￿i tii |￿@| ?L @TT@hi?| T@||ih? ￿t
uL￿?_ ￿? |￿i _￿t|h￿M￿|￿L? Lu |￿i |￿hit￿L*_t￿ 6Lh i @4T*ic ￿?U￿Lh@}i ￿*@t!@ E|￿i ￿ht| M@h
￿? @** ￿}￿hit￿ ￿t ThLM@M*) |￿i u￿h|￿it| uhL4 ￿i￿ ￿h*i@?t( ￿? u@U|c ML|￿ TiLT*i @?_ }LL_t
￿@￿i |L T@tt |￿hL￿}￿ |￿i N￿5￿￿￿@?@_￿@? MLh_ih uhL4 ￿i￿ ￿h*i@?t |L @?)￿￿ihi ￿? ￿*@t!@￿
‘i ￿L￿*_ i TiU|c i￿i? ￿u Th￿Uit UL?￿ih}i Mi|￿ii? |￿i |￿L U￿|￿itc 4@h!i| uh￿U|￿L? t￿L￿*_ Mi
@*￿@)t ￿￿}￿ih |￿@? 4Lt| U￿|) T@￿ht￿ A￿￿t L?*) ￿L*_tc ￿L￿i￿ihc uLh @ ui￿ UL44L_￿|￿it t￿U￿ @t
￿i?<t @?_ ￿L)<t ￿TT@hi*c Ai |￿*i @?_ OL￿ti 6￿h?￿t￿￿?}t @?_ ‘L4i?<t @?_ B￿h*<t ￿TT@hi*￿
A￿i |￿hit￿L*_t it|￿4@|i_ uLh ￿?U￿Lh@}i￿￿i￿ ￿h*i@?t ￿? L|￿ih U@|i}Lh￿itc itTiU￿@**) |￿i uLL_
U@|i}Lh￿itc @hi h@|￿ih t4@**￿ Oi?Uic |￿i it|￿4@|i_ |￿hit￿L*_t @TTi@h ?L| |L Mi UL?t￿t|i?|
￿￿|￿ |￿i UL44L_￿|) @hM￿|h@}i |￿iLh) @?_ ￿i U@??L| ￿?|ihThi| |￿i ?L?*￿?i@h￿|) uL￿?_ ￿t _￿i
|L |￿i _￿t|@?Ui Mi|￿ii? U￿|￿it￿
A￿iti hit￿*|t ￿4T*) |￿L TLtt￿M￿*￿|￿it￿ 6￿ht|c _￿t|@?Ui ￿t ?L| |￿i L?*) Uh￿U￿@* u@U|Lh uLh
4@h!i| ti}4i?|@|￿L?￿ ￿4L?} tL4i Lu |￿i ￿}￿hitc L?i ui@|￿hi ￿t ￿?|ihit|￿?}G uLh 4Lhi ￿L￿
4L}i?L￿t }LL_tc t￿U￿ @t 6￿t￿ @?_ 5i@uLL_c ￿i@|tc ￿L|Lh 6￿i* @?_ ￿L￿*|h)c |￿i ￿@h￿@|￿L?
@4L?} |￿i |￿hit￿L*_ ￿? i@U￿ Lu |￿iti U@|i}Lh￿it ￿t t4@**( M￿| uLh 4Lhi ￿i|ihL}i?iL￿t }LL_tc
t￿U￿ @t 6LL|￿i@hc ￿i?<t @?_ ￿L)<t ￿TT@hi* @?_ ‘L4i?<t @?_ B￿h*<t ￿TT@hi*c |￿i ￿@h￿@|￿L?
￿t *@h}ih @?_ |￿ihi @hi 4Lhi L￿|*￿iht ￿? ￿|￿ A￿ihiuLhic ￿? Lh_ih |L |it| |￿i |h@?t@U|￿L? ULt|t
|￿iLh) ￿? u￿|￿hi ￿Lh!c ￿i 4@) ￿@?| |L ￿?￿it|￿}@|i ￿?_￿￿￿_￿@* }LL_t 4@h!i|t @t |￿i U￿@h@U￿
43Iru lqwhuqdwlrqdo gdwd/ zh zrxog dovr h{shfw irupdo dqg lqirupdo wudgh eduulhuv dqg h{fkdqjh udwh yrodwlolw|
zloo sod| d uroh/ exw wklv vkrxog qrw eh wkh fdvh lq rxu grphvwlf sulfh gdwd1
￿eWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
|ih￿t|￿Ut Lu @ T@h|￿U￿*@h UL44L_￿|) 4@) Uhi@|i tL4i _￿t|Lh|￿L?t ￿? it|￿4@|￿L? Lu |￿hit￿L*_
4L_i*t￿ 5iUL?_c |￿i t|hL?}*) hit|h￿U|i_ ￿iht￿L?t Lu |￿hit￿L*_ 4L_i*t ￿i it|￿4@|i @hi TL|i?￿
|￿@**) 4￿ttTiU￿￿i_￿ +i*@ ￿?} |￿i @tt￿4T|￿L?t Lu t)44i|h￿U M@?_tc t)44i|h￿U _)?@4￿Ut @?_
|￿i UL?|￿?￿L￿t ThLTih|) Lu |￿i 4L_i*t 4@) }￿￿i ￿t 4Lhi ￿?uLh4@|￿￿i it|￿4@|it￿ ￿u UL￿htic
|￿ihi @hi @*tL 4@?) U￿L￿Uit Lu L|￿ih ?L?*￿?i@h 4L_i*tc t￿U￿ @t 5A￿+ 4L_i*tc |￿@| 4@) Mi
4Lhi @TThLTh￿@|i￿
S ￿L?U*￿t￿L?
A￿￿t T@Tih @ttittit @ M@||ih) Lu UL￿?|i}h@|￿L? @?_ *￿?i@h￿|) |it|t |￿@| @hi ￿tiu￿* uLh |it|￿?}
uLh |￿hit￿L*_ UL￿?|i}h@|￿L? ￿? M￿￿@h￿@|i t)t|i4t Lu Th￿Ui _@|@￿ ‘i ￿?_ |￿@| |it|t Lu ?L￿
UL￿?|i}h@|￿L? |￿@| ￿?ULhTLh@|i |￿i |￿hit￿L*_ ?@|￿hi Lu |￿i @*|ih?@|￿￿i ￿? }i?ih@* ￿@￿i ￿￿}￿ih
TL￿ih |￿@? |it|t |￿@| ￿}?Lhi |￿i uLh4 Lu |￿i @*|ih?@|￿￿i 4L_i*￿ ￿L4T@h￿tL? ￿￿|￿￿? |￿i }hL￿T
Lu *￿?i@h￿|) |it|t t￿}}it|t |￿@| 4￿*|￿￿@h￿@|i |it|t ￿@￿i t￿4￿*@h TL￿ih @t ￿?￿￿@h￿@|i |it|t￿ ‘i
@*tL ￿?_ |￿@| it|￿4@|it uhL4 ￿?hit|h￿U|i_ ￿?￿￿@h￿@|i A￿+ 4L_i*t @?_ 4￿*|￿￿@h￿@|i AV,￿￿t
Mi￿@￿i t￿4￿*@h*) @?_ |￿@| UL?￿ih}i?Ui |L @t)4T|L|￿U ?Lh4@* _￿t|h￿M￿|￿L?t uLh |￿i it|￿4@|i_
T@h@4i|iht ￿t ￿ih) t*L￿ uLh _@|@ }i?ih@|i_ uhL4 ￿￿￿#￿AV,￿￿t￿ ￿LhiL￿ihc ￿i ￿?_ t￿4T*i
tTiU￿￿U@|￿L? |it|t M@ti_ L? ‘@*_ @?_ w+ t|@|￿t|￿Ut |L Mi @*4Lt| ￿ti*itt uLh 4L_ih@|i |L *@h}i
t@4T*i t￿3it￿ 6Lh L￿h i4T￿h￿U@* ￿?￿it|￿}@|￿L?c ￿i ￿?￿it|￿}@|i |￿i i￿￿_i?Ui uLh |￿hit￿L*_￿|)Ti
?L?*￿?i@h￿|) ￿? @ *@h}i _@|@ ti| Lu N￿5￿ _￿t@}}hi}@|i_ }LL_t Th￿Uit￿ ‘i ￿?_ |￿hit￿L*_￿|)Ti
?L?*￿?i@h￿|) 4Lt|*) ￿? }LL_t |￿@| @hi |h@_@M*i @?_ hi*@|￿￿i*) ￿L4L}i?L￿t￿ W? @__￿|￿L?c ￿i
￿?_ |￿@| Th￿Uit 4@) @_￿￿t| @| _￿gihi?| tTii_ uLh _￿gihi?| U￿|￿it￿ ￿i￿ih|￿i*ittc |￿i |￿hit￿L*_
￿DWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
it|￿4@|it @hi ?L| UL?t￿t|i?| ￿￿|￿ |￿i 4L|￿￿@|￿L? Lu UL44L_￿|) @hM￿|h@}i￿ ‘i t￿}}it| |￿@|c
￿? Lh_ih |L @__hitt |L ￿tt￿i Lu ?L?*￿?i@h￿|) ￿￿|￿ |￿￿t T@h|￿U￿*@h 4L|￿￿@|￿L? ￿? 4￿?_c ￿i 4@)
￿@?| |L ￿?￿it|￿}@|i ￿?_￿￿￿_￿@* 4@h!i|t Lh @_LT| @ _￿gihi?| |)Ti Lu |￿hit￿L*_ 4L_i*￿
. ￿TTi?_￿ ￿
Oihi ￿i _itUh￿Mi |￿i |iU￿?￿U@* @tTiU|t Lu tL4i Lu |￿i |it|￿?} @?_ it|￿4@|￿L? ThLUi_￿hit ￿ti_
￿? |￿i T@Tih￿
.￿￿ ,t|￿4@|￿L? Lu ￿￿*|￿￿@h￿@|i AV,￿￿
A￿i it|￿4@|￿L? Lu ￿?￿￿@h￿@|i A￿+ 4L_i*t ￿t L￿|*￿?i_ ￿? AL?} E￿bH￿￿ @?_ ￿t hiUi?|*) hi￿￿i￿i_
￿? O@?ti? E￿bbb￿￿ A￿i it|￿4@|￿L? Lu UL?|￿?￿L￿t ￿?￿￿@h￿@|i A￿+ 4L_i*t ￿t _￿tU￿tti_ ￿? ￿￿@?
@?_ At@) E￿bbH￿ @?_ ￿ihMi? @?_ ￿@? #￿￿! E￿bbHc ￿bbb￿￿ A￿i 4@￿? it|￿4@|￿L? |iU￿?￿^￿i ￿t
ti^￿i?|￿@* UL?_￿|￿L?@* *i@t| t^￿@hit￿ A￿i it|￿4@|￿L? Lu 4￿*|￿￿@h￿@|i AV￿+ 4L_i*t ￿?￿L*￿it @
t￿4￿*@h t|h@|i}) |L |￿@| ￿ti_ uLh ￿?￿￿@h￿@|i 4L_i*t @?_ ￿t _￿tU￿tti_ ￿? At@) E￿bbH￿￿ 5￿?Ui |￿i
it|￿4@|￿L? Lu @ AV,￿￿ ￿￿|￿ @ !?L￿? UL￿?|i}h@|￿?} ￿iU|Lh ￿@t ?L| Mii? _￿tU￿tti_ ￿ih) 4￿U￿
￿? |￿i *￿|ih@|￿hi ￿i Mh￿i￿) hi￿￿i￿ ￿| ￿ihi￿ ￿￿h t|h@|i}) ￿t |L UL4M￿?i O@?ti?<t |hi@|4i?| Lu
|￿i it|￿4@|￿L? Lu |￿L @?_ |￿hii hi}￿4i A￿+ 4L_i*t ￿￿|￿ At@)<t |hi@|4i?| Lu |￿i it|￿4@|￿L?
Lu 4￿*|￿￿@h￿@|i AV￿+ 4L_i*t￿






A A A ?
A A A =
 ￿
|3￿XE2￿ n %￿
|c ￿u 5|3_ :S
 ￿
|3￿XE￿￿ n %￿
|c ￿u 5|3_ ￿ S




|3&n￿￿c 5|3￿ ’ ￿
￿T|3￿c ￿ ￿t !?L￿? @?_ XE￿￿ ￿t @ E&n￿￿￿2
4@|h￿ ￿ #i￿?￿?} U|ESc_￿’UE5|3_ ￿S ￿c ￿￿ihi UE￿￿ ￿t |￿i ￿?_￿U@|Lh u￿?U|￿L? t￿U￿ |￿@| UE￿￿’￿










E2￿E￿ ￿ U|ESc_￿￿ n %
￿
| E￿H￿
A￿i _i*@) T@h@4i|ih _ ￿t ￿?|i}ih ￿@*￿i_ @?_ ￿t @tt￿4i_ |L Mi *itt |￿@? tL4i ￿TTih ML￿?_
_￿ 5￿?Ui |￿i |￿hit￿L*_ ￿@*￿i S L?*) @h￿tit |￿hL￿}￿ |￿i ￿?_￿U@|Lh u￿?U|￿L? UE5|3_ ￿S ￿ |￿ihi
￿t ?L *Ltt ￿? hit|h￿U|￿?} |￿i TLtt￿M*i ￿@*￿it uLh S |L |￿i LMtih￿i_ ￿@*￿it Lu 5|3_￿ ￿*tLc uLh
Th@U|￿U@* 4@||iht ￿| ￿t ?iUitt@h) |L hit|h￿U| |￿i |￿hit￿L*_ S tL |￿@| i@U￿ hi}￿4i UL?|@￿?t @
4￿?￿4@* ?￿4Mih Lu LMtih￿@|￿L?t￿ wi| A￿ _i?L|i |￿i ?￿4Mih Lu t@4T*i LMtih￿@|￿L?t ￿? hi}￿4i
￿ @?_ *i| A _i?L|i |￿i t@4T*i t￿3i￿ O@?ti? E￿bbb￿ t￿}}it|t UL?t|h@￿?￿?} |￿i |￿hit￿L*_t tL
|￿@| @t A $4 cA￿*A ￿ ￿ uLh tL4i ￿ 5 Efc￿￿￿ O@?ti? t￿}}it|t ti||￿?} ￿ ’f ￿￿￿
A￿i 4L_i* E￿H￿ 4@) Mi it|￿4@|i_ M) ti^￿i?|￿@* 4￿*|￿￿@h￿@|i *i@t| t^￿@hit ￿? |￿L t|iTt￿
W? |￿i ￿ht| t|iTc UL?_￿|￿L?@* L? ESc_￿c |￿i T@h@4i|iht EXE￿￿cXE2￿￿ 4@) Mi it|￿4@|i_ M)





￿￿ihi e P2ESc_￿ _i?L|it |￿i 4￿*|￿￿@h￿@|i *i@t| t^￿@hit it|￿4@|i Lu P ’ ￿@oE%|￿ UL?_￿|￿L?@* L?
ESc_￿ uLh |￿i |￿L￿hi}￿4i 4L_i*￿ W? |￿i tiUL?_ t|iTc |￿i *i@t| t^￿@hit it|￿4@|it Lu ESc_￿ @hi
LM|@￿?i_ @t
Ee Sc e _￿ ’@h}4￿?
Sc_
72ESc_￿
￿.Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
A￿i hi^￿￿hi4i?| |￿@| A￿ ￿ A￿ hit|h￿U|t |￿i ti@hU￿ L￿ih S |L ￿@*￿it Lu 5|3_ |￿@| *￿i Mi|￿ii? |￿i
￿|￿ @?_ E￿ ￿￿|￿￿ ^￿@?|￿*it Lu 5|3_￿ A￿i ￿?@* it|￿4@|it Lu XE￿￿ @hi }￿￿i? M) f XE￿￿ ’ f XE￿￿Ee Sc e _￿
@?_ |￿i it|￿4@|i Lu |￿i hit￿_￿@* UL￿@h￿@?Ui 4@|h￿ ￿t }￿￿i? M) e P2Ee Sc e _￿
N?_ih 4￿*_ hi}￿*@h￿|) UL?_￿|￿L?tc At@) E￿bbH￿ t￿L￿t |￿@| |￿i ti^￿i?|￿@* UL?_￿|￿L?@* 4￿*￿
|￿￿@h￿@|i *i@t| t^￿@hit it|￿4@|it Lu EXE￿￿cXE2￿cSc_￿ @hi t|hL?}*) UL?t￿t|i?| @?_ |￿i *i@t|
t^￿@hit it|￿4@|it Lu XE￿￿ @?_ XE2￿ @hi @t)4T|L|￿U@**) ?Lh4@**) _￿t|h￿M￿|i_ ￿?_iTi?_i?| Lu
S @?_ _￿ ￿*tLc |￿i it|￿4@|it Lu S @?_ _ UL?￿ih}i @| h@|i A￿





A A A A A A A A ?
A A A A A A A A =
 ￿
|3￿XE￿￿ n %￿
|c ￿u 5|3_ :S E2￿
 ￿
|3￿XE2￿ n %￿
|c ￿u SE￿￿ ￿ 5|3_ ￿ SE2￿
 ￿
|3￿XE￿￿ n %￿
|c ￿u 5|3_ ￿S E￿￿
E￿b￿




















￿￿ihi U ’E SE￿￿cS E2￿￿￿ @?_ U
E￿￿
| E￿c_￿’UESE￿3￿￿ ￿5 |3￿ ￿S E￿￿￿￿ ￿L?_￿|￿L?@* L? EUc_￿c |￿i T@￿
h@4i|iht EXE￿￿cXE2￿cXE￿￿￿ 4@) Mi it|￿4@|i_ M) 4￿*|￿￿@h￿@|i *i@t| t^￿@hit }￿￿￿?} |￿i hit￿_￿@*
t￿4 Lu t^￿@hit 7￿EUc_￿ @?_ |￿i it|￿4@|it Lu U @?_ _ 4@) Mi uL￿?_ M) 4￿?￿4￿3￿?} 7￿EUc_￿
￿t￿?} @ |￿hii _￿4i?t￿L?@* }h￿_ ti@hU￿￿
A￿i @ML￿i 4i|￿L_ ￿t UL4T￿|@|￿L?@**) M￿h_i?tL4i t￿?Ui ￿u ￿ TL￿?|t @hi i￿@*￿@|i_ @|
i@U￿ ￿@*￿i Lu SE￿￿ @?_ SE2￿ |￿i? |￿i }h￿_ ti@hU￿ L￿ih EUc_￿ ￿? |￿i tiUL?_ t|iT ￿?￿L*￿it _ ￿ ￿2
hi}hitt￿L?tc ￿￿￿U￿ U@? Mi |￿4i UL?t￿4￿?} ￿u ￿ ￿t hi@tL?@M*) *@h}i￿ O@?ti? E￿bbb￿ t￿}}it|t @
UL4T￿|@|￿L?@* t￿Lh|￿U￿| |￿@| ￿t hi*@|i_ |L |￿i ti^￿i?|￿@* it|￿4@|￿L? Lu 4￿*|￿T*i Mhi@!TL￿?|t
￿HWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
ThLTLti_ M) ￿@￿ E￿bb.￿￿ 6￿ht|c it|￿4@|i |￿i E4￿ttTiU￿￿i_￿ |￿L hi}￿4i 4L_i* E￿H￿ }￿￿￿?} *i@t|
t^￿@hit it|￿4@|it E e _ce S￿￿￿ A￿i hit￿*|t Lu ￿@￿ E￿bb.￿ ￿?_￿U@|i it|￿4@|i e _ ￿￿** Mi UL?t￿t|i?|
uLh _ @?_ e S￿ ￿￿** Mi UL?t￿t|i?| uLh L?i Lu |￿i |￿hit￿L*_ T@￿ht ESE￿￿cS E2￿￿￿ ￿i |c it|￿4@|i
U ’ ESE￿￿cS E2￿￿ M) *i@t| t^￿@hit L? E￿b￿ ￿4TLt￿?} _ ’ e _ @?_ |￿@| L?i i*i4i?| Lu Ui^￿@*t e S￿￿A￿i
hit￿*|￿?} it|￿4@|i e S2 ￿￿** Mi UL?t￿t|i?| uLh |￿i hi4@￿?￿?} i*i4i?| Lu |￿i T@￿h ESE￿￿cS E2￿￿￿￿￿ A￿￿t
ti^￿i?|￿@* ThLUi_￿hi |L it|￿4@|i |￿i |￿hii hi}￿4i 4L_i* Lgiht UL?t￿_ih@M*i UL4T￿|@|￿L?@*
t@￿￿?}t L￿ih @ |￿hii _￿4i?t￿L?@* }h￿_ ti@hU￿ @?_ @**L￿t ￿t |L UL?_￿U| @? i |i?t￿￿i ￿L?|i
￿@h*L @?@*)t￿t￿2 ￿
AL it|￿4@|i |￿i 4￿*|￿￿@h￿@|i AV,￿￿ Eb￿ ￿￿ihi |￿i UL?t|@?| ￿t hit|h￿U|i_ |L |￿i ihhLh
ULhhiU|￿L? |ih4 |￿i @ML￿i ThLUi_￿hi ?ii_t |L Mi 4L_￿￿i_ t￿?Ui 4￿*|￿￿@h￿@|i *i@t| t^￿@hit ￿t
?L *L?}ih i￿U￿i?|c @*|￿L￿}￿ ￿| ￿t UL?t￿t|i?|c _￿i |L |￿i UhLtt i^￿@|￿L? hit|h￿U|￿L?t￿ 5￿?Ui U @?_
_ @hi t￿Tih UL?t￿t|i?| ￿? |￿i ￿?hit|h￿U|i_ 4L_i* E￿b￿c @ t￿4T*i |￿L￿t|iT it|￿4@|￿L? ThLUi_￿hi
U@? Mi ￿ti_￿ W? |￿i ￿ht| t|iTc U @?_ _ @hi it|￿4@|i_ uhL4 |￿i ￿?hit|h￿U|i_ 4L_i* E￿b￿￿ W?
|￿i tiUL?_ t|iTc |￿i hit|h￿U|i_ UL?t|@?| |￿hii￿hi}￿4i 4L_i* ￿￿|￿ |￿i ￿ht| t|iT it|￿4@|it Lu
U @?_ _ ￿4TLti_ ￿t it|￿4@|i_ ￿t￿?} ~i**?ih<t tii4￿?} ￿?hi*@|i_ hi}hitt￿L? E5N+￿ |iU￿?￿^￿i
Ef X
E￿￿
7L-Ee Uc e _￿c f X
E2￿
7L-Ee Uc e _￿c f X
E￿￿






mP7L-c￿Ee Uc e _￿m
￿




|’￿ %|Ee Uc e _￿%|Ee Uc e _￿￿ @?_ |￿i T@h@4i|iht ULhhitTL?_￿?} |L |￿i ￿?|ih￿





44Edl +4<<:, vkrzv wkdw wkh vhtxhqwldo surfhgxuh jlyhv frqvlvwhqw hvwlpdwhv1 Dgglwlrqdoo|/ kh vkrzv wkdw d
vlpsoh lwhudwlrq ri wkh phwkrg |lhogv dv|pswrwlfdoo| h￿flhqw hvwlpdwhv dv zhoo1
45Lq wkh hvwlpdwlrq/ wkh uhvwulfwlrq wkdw doo wkuhh uhjlphv kdyh dw ohdvw W￿ qhhgv wr eh lpsrvhg1 Dgglwlrqdoo|/
lq wkh vhfrqg dqg wklug0vwdjh vhdufkhv wkh uhtxluhphqw wkdw dw ohdvw W￿ revhuydwlrqv olh lq wkh uhjlph zkhuh
f+4, ￿ }w￿g ￿ f+5, +ru f+5, ￿ }w￿g ￿ f+4, li f+5, ?f +4,, qhhgv wr eh lpsrvhg1
￿bWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
.￿2 At@)<t ￿￿*|￿￿@h￿@|i Ait| uLh A￿hit￿L*_ ￿L?*￿?i@h￿|)
At@) E￿bbH￿ _￿tU￿ttit @ 4￿*|￿￿@h￿@|i }i?ih@*￿3@|￿L? Lu ￿￿t ￿?￿￿@h￿@|i |it| uLh |￿hit￿L*_ ?L?￿
*￿?i@h￿|)￿ AL ￿4T*i4i?| ￿￿t |it| ￿? |￿i Thiti?| UL?|i | ￿i ?ii_ |L UL?t￿_ih @? @hh@?}i_
4￿*|￿￿@h￿@|i hi}hitt￿L? uLh |￿i V,￿￿
{T
￿




|c | ’ ￿ n￿ c￿￿￿cA
￿￿ihi ￿ ’ 4@ E&c_￿c  ￿
|3￿ ’ E￿c5|3￿c{T￿
|3￿c￿￿￿c{T￿
|3&n￿￿c 5|3￿ ’ ￿
￿T|3￿c ￿ ￿t !?L￿? @?_ X
￿ t@E & n￿ ￿￿ 2 4@|h￿ ￿￿|￿ ￿ht| hL￿ }￿￿￿?} |￿i ULi￿U￿i?|t uLh {R￿| @?_ tiUL?_ hL￿ }￿￿￿?}
|￿i ULi￿U￿i?|t uLh {R2|￿ A￿i |￿hit￿L*_ ￿@h￿@M*i 5|3_ @tt￿4it ￿@*￿it ￿? 7 ’ i5￿c￿￿￿c5 A3_j￿
￿L?t￿_ih |￿i Lh_ih t|@|￿t|￿Ut uLh 7 @?_ _i?L|i |￿i ￿|￿ t4@**it| i*i4i?| Lu 7 M) 5E￿￿ @?_ *i|
|E￿￿ _i?L|i |￿i |￿4i ￿?_i Lu 5E￿￿￿ A￿i? |￿i @hh@?}i_ 4￿*|￿￿@h￿@|i hi}hitt￿L? ￿t
{T
￿




|E￿￿n_c ￿ ’ ￿c￿￿￿cA￿ ￿ E2￿￿
wi| e X6 _i?L|i |￿i 4￿*|￿￿@h￿@|i *i@t| t^￿@hit it|￿4@|i Lu X uhL4 E2￿￿ ￿t￿?} _@|@ uhL4
￿ ’ ￿c￿￿￿c6￿#i￿?i

















c @t |￿i Thi_￿U|￿￿i hit￿_￿@* @?_ |￿i t|@?_@h_￿3i_
Thi_￿U|￿￿i hit￿_￿@* Lu |￿i @hh@?}i_ hi}hitt￿L? UL4T￿|i_ ￿t￿?} hiU￿ht￿￿i 4￿*|￿￿@h￿@|i *i@t|
t^￿@hit￿ ￿i |c UL?t￿_ih |￿i 4￿*|￿￿@h￿@|i hi}hitt￿L?
e ￿
￿




|E,￿n_c , ’ 6f n￿ c￿￿￿cA￿ ￿c E22￿
efWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
￿￿ihi 6f _i?L|it |￿i t|@h|￿?} TL￿?| Lu |￿i hiU￿ht￿￿i *i@t| t^￿@hit it|￿4@|￿L?￿ Wu |￿ihi ￿t
?L |￿hit￿L*_ ?L?*￿?i@h￿|) |￿i? [ t￿L￿*_ Mi 3ihL ￿? E22￿￿ At@)<t |it| t|@|￿t|￿U uLh |it|￿?}
Mf G [ ’ f ￿iht￿t M@ G [ 9’ f ￿? E22￿ ￿t }￿￿i? M)













A ￿ ￿ ￿ 6f
A3_ [
,’6fn￿
e ￿|E,￿n_ e ￿
￿
|E,￿n_
@?_ e ￿| ￿t |￿i *i@t| t^￿@hit hit￿_￿@* uhL4 E22￿￿ N?_ih |￿i ?￿** Lu *￿?i@h￿|) ￿ E_￿ ￿t @t)4T|L|￿
￿U@**) _￿t|h￿M￿|i_ @t @ U￿￿￿t^￿@hi h@?_L4 ￿@h￿@M*i ￿￿|￿ 2 ￿ E& ￿ ￿￿ n ￿ _i}hiit Lu uhii_L4￿
A￿i ?￿** ￿)TL|￿it￿t [ ’ f ￿?U*￿_it @ 3ihL ￿?|ihUiT| uLh @** Thi_￿U|￿￿i hit￿_￿@*t￿ At@)
E￿bbH￿ hi4@h!t |￿@| _￿i |L ￿?￿|i t@4T*i M￿@tc ￿? tL4i @TT*￿U@|￿L?t L?i 4@) ￿￿t￿ |L i U*￿_i
|￿i ￿?|ihUiT| |ih4t uhL4 |￿i ?L?*￿?i@h￿|) |it| ￿? E2￿￿￿ W? |￿￿t U@ti 7f t￿L￿*_ Mi 4i@?
ULhhiU|i_ @?_ |￿i hit￿*|￿?} |it| ￿@t @? @t)4T|L|￿U U￿￿￿t^￿@hi_ _￿t|h￿M￿|￿L? ￿￿|￿ 2 ￿ E& ￿ ￿￿
_i}hiit Lu uhii_L4￿
e￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
+iuihi?Uit
d￿o ￿@*!ic ￿￿5￿c @?_ A￿￿￿ 6L4M) E￿bb.￿c RA￿hit￿L*_ UL￿?|i}h@|￿L?c￿ W?|ih?@|￿L?@* ,UL?L4￿U
+i￿￿i￿c ￿Hc S2.￿SeD￿
d2o ￿@￿c a￿ E￿bb.￿c R,t|￿4@|￿?} 4￿*|￿T*i Mhi@!t L?i @| @ |￿4ic￿ ,UL?L4i|h￿U A￿iLh) ￿￿c
￿￿D￿￿D2￿
d￿o ￿ihMi?c +￿￿￿￿ @?_ #￿ ￿@? #￿￿! E￿bbH￿c R￿L?*￿?i@h @_￿￿t|4i?| |L T￿hU￿@t￿?} TL￿ih
￿@h￿|)G ,￿￿_i?Ui L? |￿i ,giU|t Lu Ah@?t@U|￿L?t ￿Lt|tc￿ ‘Lh!￿?} ￿@Tihc A￿?Mih}i?
W?t|￿|￿|ic ,h@t4￿t N?￿￿iht￿|) +L||ih_@4￿
deo ￿ihMi?c +￿￿￿￿ @?_ #￿ ￿@? #￿￿! E￿bbb￿ RN?￿| hLL| |it|t @?_ @t)44i|h￿U @_￿￿t|4i?|G @
hi@ttitt4i?|c￿ ‘Lh!￿?} ￿@Tihc A￿?Mih}i? W?t|￿|￿|ic ,h@t4￿t N?￿￿iht￿|) Lu +L||ih_@4
dDo ￿@?ihc ￿￿ @?_ ￿￿,￿ O@?ti? E￿bbH￿cR A￿hit￿L*_ @￿|Lhi}hitt￿L?t ￿￿|￿ @ ￿?￿| hLL|c￿ ‘Lh!￿
￿?} ￿@Tihc #iT@h|4i?| Lu ,UL?L4￿Utc N?￿￿iht￿|) Lu ‘￿tUL?t￿?c ￿@_￿tL?￿
dSo ￿￿@?c k￿5￿ E￿bb￿￿c R￿L?t￿t|i?U) @?_ *￿4￿|￿?} _￿t|h￿M￿|￿L? Lu |￿i *i@t| t^￿@hit it|￿4@|Lh
Lu @ |￿hit￿L*_ @￿|Lhi}hitt￿￿i 4L_i*c￿ ￿??@*t Lu 5|@|￿t|￿Ut 2￿c D2f￿D￿￿￿
d.o ￿￿@?c k￿5￿c @?_ +￿ At@) E￿bbH￿c Rw￿4￿|￿?} ThLTih|￿it Lu |￿i *i@t| t^￿@hit it|￿4@|Lh Lu
@ UL?|￿?￿L￿t |￿hit￿L*_ @￿|Lhi}hitt￿￿i 4L_i*c￿ ￿￿L4i|h￿!@ HDc e￿￿￿e2S￿
dHo ￿￿@?c k￿5￿c a￿#￿ ￿i|h￿Ui**￿c O￿AL?} @?_ 5‘￿ ‘LL*uLh_ E￿bHD￿c R￿ ￿￿*|￿T*i A￿hit￿L*_
￿+E￿￿ ￿L_i*c￿ aL￿h?@* Lu ￿TT*￿i_ ￿hLM@M￿*￿|) 22c 2S.￿2.b￿
dbo #￿4@tc ￿￿ E￿bb2￿c R#)?@4￿Ut i^￿￿*￿Mh￿￿4 @?_ |￿i hi@* i U￿@?}i h@|i ￿? @ tT@|￿@**)
tiT@h@|i_ ￿Lh*_c￿ A￿i +i￿￿i￿ Lu 6￿?@?U￿@* 5|￿_￿it Dc ￿D￿￿￿Hf￿
d￿fo ￿*i4i?|tc ￿￿￿￿ @?_ O￿￿￿￿ khL*3￿} E￿bbH￿c R￿ UL4T@h￿tL? Lu |￿i uLhiU@t| TihuLh4@?Ui
Lu ￿@h!L￿￿t￿￿|U￿￿?} @?_ |￿hit￿L*_ @￿|Lhi}hitt￿￿i 4L_i*t Lu N5 B￿￿c￿ ,UL?L4i|h￿Ut
aL￿h?@* ￿c ￿e.￿￿.D￿
d￿￿o #@￿￿itc +￿￿￿ E￿b..￿c RO)TL|￿it￿t |it|￿?} ￿￿i? @ ?￿￿t@?Ui T@h@4i|ih ￿t Thiti?| L?*)
￿?_ih |￿i @*|ih?@|￿￿ic￿ ￿￿L4i|h￿!@ Sec 2e.￿2De￿
d￿2o #@￿￿itc +￿￿￿ E￿bH.￿c RO)TL|￿it￿t |it|￿?} ￿￿i? @ ?￿￿t@?Ui T@h@4i|ih ￿t Thiti?| L?*)
￿?_ih |￿i @*|ih?@|￿￿ic￿ ￿￿L4i|h￿!@ .ec ￿￿￿e￿￿
d￿￿o ,?_ihtc ‘￿ @?_ ￿￿‘￿a￿ Bh@?}ih E￿bbH￿c RN?￿|￿hLL| |it|t @?_ @t)44i|h￿U @_￿￿t|4i?|
￿￿|￿ @? i @4T*i ￿t￿?} |￿i |ih4 t|h￿U|￿hi Lu ￿?|ihit| h@|itc￿ aL￿h?@* Lu ￿￿t￿?itt Lu
,UL?L4￿U 5|@|￿t|￿Ut ￿Sc ￿fe￿￿￿￿￿
d￿eo ,?}i*c ￿￿ @?_ a￿O￿ +L}iht E￿bbS￿c ROL￿ ￿￿_i ￿t |￿i MLh_ihc￿ ￿4ih￿U@? ,UL?L4￿U +i￿￿i￿
HSc ￿￿￿2￿￿￿2D￿
d￿Do ,?}i*c ￿￿ @?_ a￿O￿ +L}iht E￿bbH@￿c R+i*@|￿￿i Th￿Ui ￿L*@|￿*￿|)G ￿￿@| hL*i _Lit |￿i MLh_ih
T*@)qc￿ ‘Lh!￿?} ￿@Tihc #iT@h|4i?| Lu ,UL?L4￿Utc N?￿￿iht￿|) Lu ‘@t￿￿?}|L?￿
d￿So ,?}i*c ￿￿ @?_ a￿O￿ +L}iht E￿bbHM￿c RV￿L*@|￿?} |￿i *@￿ Lu L?i Th￿UiG t￿L￿*_ ￿i 4@!i
@ ui_ih@* U@ti L￿| Lu ￿|qc￿ ‘Lh!￿?} ￿@Tihc #iT@h|4i?| Lu ,UL?L4￿Utc N?￿￿iht￿|) Lu
‘@t￿￿?}|L?￿
e2Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
d￿.o 6h@?!i*c a￿ ￿￿ E￿bHS￿c RW?|ih?@|￿L?@* U@T￿|@* 4LM￿*￿|) @?_ UhL￿_￿?}￿L￿| ￿? |￿i N￿5￿
iUL?L4)G ￿4TihuiU| ￿?|i}h@|￿L? Lu ￿?@?U￿@* 4@h!i|t Lh Lu }LL_t 4@h!i|tqc￿ ￿? OL￿
LTi? ￿t |￿i N￿5￿ ,UL?L4)c i_t +￿‘￿ O@uihc wi ￿?}|L? ￿LL!c wi ￿?}|L?￿
d￿Ho 6hLL|c k￿c @?_ k￿ +L}Lg E￿bbD￿c R￿ihtTiU|￿￿it L? ￿￿￿ @?_ *L?}￿h￿? hi@* i U￿@?}i h@|ic￿
￿? B￿ BhLtt4@? @?_ k￿ +L}Lg i_t￿c O@?_MLL! Lu W?|ih?@|￿L?@* ,UL?L4￿Ut￿ ￿4t|ih_@4G
￿Lh|￿￿OL**@?_￿
d￿bo BL?3￿ @*i3c ￿￿ @?_ a￿ BL?3@*L E￿bb.￿c RA￿hit￿L*_ ￿?￿| hLL| 4L_i*tc￿ ‘Lh!￿?} ￿@Tih ￿L￿
b.￿Dfc N?￿￿iht￿_@_ ￿@h*Lt WWW _i ￿@_h￿_￿
d2fo BL?3￿ @*i3c ￿￿ @?_ a￿ BL?3@*L E￿bbb￿c RW?uihi?Ui @?_ it|￿4@|￿L? ￿? |￿hit￿L*_ UL￿?|i}h@￿
|￿L? 4L_i*tc￿ 4@?￿tUh￿T|c N?￿￿iht￿_@_ ￿@h*Lt WWW _i ￿@_h￿_￿
d2￿o O@?ti?c ￿￿,￿ E￿bb.￿c RW?uihi?Ui ￿? A￿+ 4L_i*tc￿ 5|￿_￿it ￿? ￿L?*￿?i@h #)?@4￿Ut @?_
,UL?L4i|h￿Ut ￿E2￿c ￿￿￿e￿
d22o O@?ti?c ￿￿,￿ E￿bbb￿c RAit|￿?} *￿?i@h￿|)c￿ uLh|￿UL4￿?} ￿? aL￿h?@* Lu ,UL?L4￿U 5￿h￿i)t￿
d2￿o OiU￿tU￿ihc ,￿6￿ E￿b￿S￿c RV￿ @ i*!￿hti?t Bh￿?_￿@* ￿￿_ ￿@TTiht4)?|uL|c￿ ,!L?L4￿t! A￿_￿
t!h￿u| ￿Hc ￿fb￿￿￿2￿
d2eo OLh￿@|￿c ￿￿A￿k￿ @?_ ￿￿‘￿ ‘@|tL? E￿bbD￿c RAit|￿?} uLh UL￿?|i}h@|￿L? ￿￿i? tL4i Lu
|￿i UL￿?|i}h@|￿?} ￿iU|Lht @hi ThitTiU￿￿i_c￿ ,UL?L4i|h￿U A￿iLh) ￿￿c bHe￿￿f￿e￿
d2Do ￿￿U￿@i*c ￿￿c +￿￿￿ ￿LM@)c @?_ #￿￿￿ ￿ii* E￿bb.￿c RAh@?t@U|￿L?t ULt|t @?_ ?L?*￿?i@h @_￿
￿￿t|4i?| ￿? hi@* i U￿@?}i h@|itG @? i4T￿h￿U@* ￿?￿it|￿}@|￿L?c￿ aL￿h?@* Lu ￿L*￿|￿U@* ,UL?￿
L4) ￿fDc HS2￿H.b￿
d2So ￿Mt|ui*_c ￿￿ @?_ ￿￿￿￿ A@)*Lh E￿bb.￿c R￿L?*￿?i@h @tTiU|t Lu }LL_t￿4@h!i| @hM￿|h@}i
@?_ @_￿￿t|4i?|G OiU!t￿ih<t UL44L_￿|) TL￿?|t hi￿￿t￿|i_c￿ aL￿h?@* Lu |￿i a@T@?iti @?_
W?|ih?@|￿L?@* ,UL?L4￿it ￿￿c ee￿￿e.b￿
d2.o ￿<￿L??i**c ￿￿B￿a￿ E￿bbH￿c R￿@h!i| uh￿U|￿L?t @?_ hi@* i U￿@?}i h@|itc￿ aL￿h?@* Lu W?|ih￿
?@|￿L?@* ￿L?i) @?_ 6￿?@?Ui ￿.c .￿￿bD￿
d2Ho ￿<￿L??i**c ￿￿B￿a￿ @?_ 5￿￿a￿‘i￿ E￿bb.￿c R￿A￿i M￿}}ih |￿i) @hic |￿i ￿@h_ih |￿i) u@**< OL￿
Th￿Ui _￿gihi?Uit @UhLtt N￿5￿ U￿|￿it @hi @hM￿|h@}i_c￿ ‘Lh!￿?} ￿@Tihc ￿@|￿L?@* ￿￿hi@￿ Lu
,UL?L4￿U +iti@hU￿c ￿L￿ SfHb￿
d2bo ￿@ht*i)c #￿￿￿ @?_ 5￿￿a￿‘i￿ E￿bbS￿c R￿L?￿ih}i?Ui |L |￿i *@￿ Lu L?i Th￿Ui ￿￿|￿L￿| |h@_i
M@hh￿iht Lh U￿hhi?U) ￿￿U|￿@|￿L?tc￿ "￿@h|ih*) aL￿h?@* Lu ,UL?L4￿Ut ￿￿￿c ￿2￿￿￿￿2￿S￿
d￿fo ￿￿TTi?}ihc ￿￿k￿ @?_ B￿,￿ BLih￿?} E￿bb￿￿c R￿ ￿L|i L? |￿i i4T￿h￿U@* TL￿ih Lu ￿?￿|
hLL| |it|t ￿?_ih |￿hit￿L*_ ThLUittitc￿ ￿ uLh_ ￿￿**i|￿? Lu ,UL?L4￿Ut @?_ 5|@|￿t|￿Ut DDc
e.￿￿eH￿￿
d￿￿o 5@h@?|￿tc ￿￿ E￿bbb￿c R￿L_i*￿?} ?L?￿*￿?i@h￿|￿it ￿? hi@* igiU|￿￿i i U￿@?}i h@|itc￿ aL￿h?@*
Lu W?|ih?@|￿L?@* ￿L?i) @?_ 6￿?@?Ui ￿Hc 2.￿eD￿
d￿2o 5ihU￿c ￿￿c +￿ NTT@*c @?_ ￿￿ V@? O￿**i E￿bbD￿c RA￿i i U￿@?}i h@|i ￿? |￿i Thiti?Ui Lu
|h@?t@U|￿L? ULt|tG ￿4T*￿U@|￿L?t uLh |it|t Lu T￿hU￿@t￿?} TL￿ih T@h￿|)c￿ aL￿h?@* Lu 6￿?@?Ui
￿fc ￿￿fb￿￿￿￿b￿
e￿Wkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
d￿￿o AL?}c O￿ E￿bbf￿c ￿L?*￿?i@h |￿4i tih￿itG ￿ #)?@4￿U@* 5)t|i4t ￿TThL@U￿c ￿ uLh_ N?￿￿
￿iht￿|) ￿hittc ￿ uLh_c N￿k￿
d￿eo At@)c +￿ E￿bHb￿c RAit|￿?} @?_ 4L_i*￿?} |￿hit￿L*_ @￿|Lhi}hitt￿￿i ThLUittitc￿ aL￿h?@* Lu
|￿i ￿4ih￿U@? 5|@|￿t|￿U@* ￿ttLU￿@|￿L?c Hec 2￿￿￿2ef￿
d￿Do At@)c +￿ E￿bbH￿c RAit|￿?} @?_ 4L_i*￿?} 4￿*|￿￿@h￿@|i |￿hit￿L*_ 4L_i*tc￿ aL￿h?@* Lu |￿i
￿4ih￿U@? 5|@|￿t|￿U@* ￿ttLU￿@|￿L?c b￿Eee￿￿c ￿￿HH￿￿2f2￿
d￿So ~￿￿L|c ,￿ E￿bbb￿c RA￿i TL￿ih Lu t￿?}*i i^￿@|￿L? |it|t uLh UL￿?|i}h@|￿L? ￿￿i? |￿i UL￿?|i￿
}h@|￿?} ￿iU|Lh ￿t Thi￿tTiU￿￿i_c￿ uLh|￿UL4￿?} ￿? ,UL?L4i|h￿U A￿iLh)￿
eeWkuhvkrog Frlqwhjudwlrq dqg Qrqolqhdu Dgmxvwphqw wr wkh Odz ri Rqh Sulfh
6￿}￿hi ￿G #￿t|h￿M￿|￿L? Lu it|￿4@|i_ |￿hit￿L*_t uhL4 ￿?hit|h￿U|i_ A￿+E￿￿ @?_ AV,￿￿E￿￿
￿￿|￿ S ’￿@ ? _A ’ 2Df￿
eD46 
Appendix B: Details of the Data 
 
Categories  Cities  Abbv. 
1. Alcoholic Beverages  1. Anchorage  AN 
2. Apparel Services  2. Atlanta  AT 
3. Appliances, incl. electronic equipment  3. Baltimore  BT 
4. Automobile Maintenance & Repairs  4. Boston  BO 
5. Cereals and Bakery Products  5. Buffalo  BU 
6. Eggs  6. Chicago  CH 
7. Entertainment Commodities  7. Cleveland  CL 
8. Entertainment Services  8. Cincinnati  CI 
9. Fish & Seafood  9. Dallas  DA 
10. Food Away from Home  10. Denver  DN 
11. Footwear  11. Detroit  DT 
12. Fresh Fruits and Vegetables  12. Honolulu  HO 
13. Fuels  13. Houston  HS 
14. Furniture & Bedding  14. Kansas City  KC 
15. Homeowners’ Costs  15. Los Angeles  LA 
16. Hospital & Related Services  16. Miami  MA 
17. Household Maintenance & Repairs  17. Milwaukee  MI 
18. Housekeeping Services  18. Minneapolis  MS 
19. Housekeeping Supplies  19. New York  NY 
20. Infants’ and toddlers’ Apparel  20. Philadelphia  PH 
21. Meats  21. Pittsburgh  PI 
22. Medical Care Commodities  22. Portland  PO 
23. Men’s and Boy’s Apparel  23. San Diego  SD 
24. Motor Fuel  24. San Francisco  SF 
25. New Vehicles  25. Seattle  SE 
26. Other Apparel Commodities  26. St. Louis  SL 
27. Other Food at Home  27. Tampa Bay  TA 
28. Other Furnishings  28. Washington DC  DC 
29. Other Renter’s Costs     
30. Other Utilities & Public Services  Benchmark:   
31. Personal & Educational Expenses  New Orleans  NO 
32. Personal Care     
33. Poultry     
34. Processed Fruits and Vegetables     
35. Professional Medical Services     
36. Public Transportation     
37. Residential Rent     
38. Textile Housefurnishings     
39. Tobacco & Smoking Products     
40. Used Cars     
41. Women’s and Girl’s Apparel     
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Note: The vertical axis represents the threshold estimates. The order of city (v.s. New Orleans) on the 
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Table 1: Tests for No-Cointegration 
Empirical Rejection Frequency of 5% Tests 
 
    EQ-TAR  BAND-TAR 
c  T  ADF  HW  EG  BVD  ADF  HW  EG  BVD 
3  100  0.416  0.944  0.961  1  0.139  0.206  0.221  0.625 
3  250  0.989  1  1  1  0.616  0.946  0.983  1 
3  500  1  1  1  1  0.997  1  1  1 
5  100  0.135  0.272  0.325  0.916  0.092  0.127  0.132  0.383 
5  250  0.636  0.996  0.998  1  0.193  0.256  0.273  0.869 
5  500  0.996  1  1  1  0.612  0.874  0.949  1 
10  100  0.085  0.134  0.155  0.609  0.062  0.104  0.091  0.250 
10  250  0.144  0.219  0.265  0.898  0.109  0.121  0.131  0.458 
10  500  0.335  0.536  0.658  0.998  0.127  0.159  0.159  0.732 
Notes: ADF, HW, EG and BVD denote the augmented Dickey-Fuller, Horvath-Watson, Enders-
Granger and Berben-van Dijk tests, respectively. The critical values for the HW test are taken 
from Table 1 from Horvath and Watson (1995); the values for EG test are taken from Table 1 
from Enders and Granger (1998); the values for the BVD test are taken from Table 1 from Berben 
and van Dijk (1999). The lag lengths for all of the tests are fixed at the true value of 1. Number of 
simulations = 1000. 
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Table 2: Tests of Linearity 
Empirical Rejection Frequency of 5% Tests 
 
    EQ-TAR  BAND-TAR 
c  T  Tsay-U  Tsay-M  F12  LR12  F13  LR13  Tsay-U  Tsay-M  F12  LR12  F13  LR13 
3  100  0.807  0.457  0.827  0.665  0.808  0.600  0.263  0.181  0.305 0.226  0.25  0.187 
3  250  0.999  0.887  0.998  0.985  0.996  0.985  0.597  0.463  0.690 0.550  0.665  0.525 
3  500  1  1  1  1  1  1  0.918  0.81    0.840    0.860 
5  100  0.714  0.457  0.76  0.665  0.718  0.585  0.194  0.159  0.235 0.175  0.175  0.195 
5  250  0.953  0.887  0.981  0.965  0.976  0.975  0.548  0.385  0.515 0.450  0.455  0.400 
5  500  1  1  0.999  1  0.999  1  0.842  0.697  0.870 0.765  0.845  0.735 
10  100  0.442  0.325          0.14  0.133         
10  250  0.668  0.541          0.308  0.236         
10  500  0.900  0.825          0.522  0.442         
Notes:  Tsay-U and Tsay-M denote Tsay’s univariate and multivariate nonparametric test for threshold 
nonlinearity, respectively.  F12 and F13 denote Hansen’s sup-F test of a TAR(1) against a TAR(2) and TAR(3), 
respectively. LR12 and LR13 denote Hansen’s sup-LR test of a TVECM(1) against a TVECM(2) and TVECM(3), 
respectively. The critical values for the Hansen type tests are computed using the homoskedastic bootstrap 
procedure of Hansen (1999) based on 200 bootstrap values. The lag lengths for the tests are fixed at the true value 
of 1. Number of simulations = 1000. 
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Table 3: Unrestricted TAR(3) Estimates 
Monte Carlo Means and Standard Deviations 
 
True Model: Continuous, symmetric threshold and symmetric adjustment BAND-TVECM 

























































































































































Notes: Standard deviations are in parentheses. The estimated unrestricted model is (6). The true value of r 
is 0.4. The regime specific means are computed as m
(j)  = a
(j)/(1 – r
(j)) for j=1,3. Number of simulations = 
1000. 
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Table 4: Unrestricted TVECM(3) Estimates 
Monte Carlo Means and Standard Deviations 
 
True Model: Continuous, symmetric threshold and symmetric adjustment BAND-TVECM 































































































































































































Notes: Standard deviations are in parentheses. The estimated unrestricted model is (10). The regime 
specific mean is computed as m
(j) = b’a
(j)/b’g
(j) for j=1,3. Number of simulations = 1000. 54 
Table 5: Restricted TAR(3) and TVECM(3) Estimates 
Monte Carlo Means, Standard Deviations and Specification Tests 
 
True Model: Continuous, symmetric threshold and symmetric adjustment Band-TVECM 
    TAR  TVECM 
c  T  c  r  LR  Wald  c  g1  g2  LR  Wald 
3  100  2.82 
(0.87) 
0.25 





(0.52)  0.33  0.58 
3  250  2.97 
(0.50) 
0.32 





(0.30)  0.20  0.52 
3  500  2.98 
(0.34) 
0.37 





(0.19)  0.15  0.45 
5  100  4.36 
(1.41) 
0.31 





(0.54)  0.34  0.68 
5  250  4.73 
(0.97) 
0.35 





(0.34)  0.22  0.60 
5  500  4.89 
(0.52) 
0.38 





(0.23)  0.15  0.53 
10  100  7.54 
(3.04) 
0.47 





(0.52)  0.38  0.71 
10  250  8.36 
(2.57) 
0.54 





(0.34)  0.27  0.64 
10  500  9.05 
(1.91) 
0.51 





(0.25)  0.22  0.71 
Note: For c and r, the Monte Carlo standard deviations are in parentheses. The estimated restricted TAR(3) 






) 1 ( ) 3 (
i i i g g g = = . The empirical rejection frequencies of 5% tests based on a 
asymptotic c
2 distribution are reported for likelihood ratio and Wald tests. The true value of r is 0.4, g1 -1.8 
and g2 -0.6. Number of simulations=1000. 55 
Table 6: Number of Rejections for No Cointegration at 10% Level 
 
 
Categories  ADF  HW  EG  BVD 
Alcoholic Beverages  0  2  1  2 
Apparel Services  7  7  8  10 
Appliances, incl. electronic equipment  5  10  12  12 
Automobile Maintenance & Repairs  2  3  4  1 
Cereals and Bakery Products  3  12  15  26 
Eggs  7  24  26  28 
Entertainment Commodities  5  10  11  16 
Entertainment Services  9  16  27  24 
Fish & Seafood  15  28  28  28 
Food Away from Home  4  6  6  6 
Footwear  15  26  28  24 
Fresh Fruits and Vegetables  20  27  28  28 
Fuels  20  24  24  25 
Furniture & Bedding  8  20  24  26 
Homeowners’ Costs  10  5  5  27 
Hospital & Related Services  10  16  12  15 
Household Maintenance & Repairs  0  0  0  1 
Housekeeping Services  1  4  3  10 
Housekeeping Supplies  10  12  16  12 
Infants’ and toddlers’ Apparel  3  2  3  4 
Meats  7  26  26  28 
Medical Care Commodities  3  11  6  13 
Men’s and Boy’s Apparel  25  21  23  28 
Motor Fuel  22  23  21  27 
New Vehicles  14  21  25  18 
Other Apparel Commodities  0  0  1  5 
Other Food at Home  8  23  27  28 
Other Furnishings  9  18  21  13 
Other Renter’s Costs  5  8  8  19 
Other Utilities & Public Services  7  21  22  21 
Personal & Educational Expenses  1  2  3  7 
Personal Care  3  7  9  11 
Poultry  6  26  27  28 
Processed Fruits and Vegetables  0  3  3  26 
Professional Medical Services  4  11  8  7 
Public Transportation  2  3  3  9 
Residential Rent  13  4  4  25 
Textile Housefurnishings  6  21  23  28 
Tobacco & Smoking Products  3  7  4  8 
Used Cars  1  6  6  26 
Women’s and Girl’s Apparel  14  22  26  23 
Note: AIC is used to search for the most appropriate number of lags for the 
ADF and the BVD tests. Given that the sample size is small, the maximum 
possible lags (at the level) is set at six. We adopt the recommendation of 
Enders and Granger (1998) and use a nonlinear version of AIC for the EG 
test, which utilizes the variance from the TAR model. For Horvath-Watson 
test, we restrict it to a VAR(0) model so as to maintain a reasonable degree of 
freedom given the small sample size in a bivariate framework. 
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Table 7: Summary of a Simple AR(1) Estimation on Price Differences 
 
Categories  Mean  Median Std Dev  Min  City  Max  City  Halflife 
Used Cars  1.0044  1.0049  0.0131  0.9707  AN  1.0279  BO  NA 
Household Maintenance & Repairs  0.9682  0.9736  0.0238  0.8902  TA  0.9965  NY  21.4608 
Personal & Educational Expenses  0.9584  0.974  0.0557  0.7275  MS  1.0041  HO  16.3033 
Other Apparel Commodities  0.9526  0.9579  0.021  0.8694  MS  0.9799  MI  14.2723 
Automobile Maintenance & Repairs  0.9512  0.9553  0.0383  0.8518  AN  1.0578  MI  13.8671 
Alcoholic Beverages  0.9463  0.9445  0.0169  0.9108  PO  0.9856  AN  12.5467 
Processed Fruits and Vegetables  0.9382  0.9547  0.0514  0.7527  DA  0.9782  CL  10.8604 
Residential Rent  0.9367  0.9511  0.0483  0.7652  MI  0.9892  KC  10.5942 
Tobacco & Smoking Products  0.9339  0.9537  0.0693  0.6584  MA  0.9865  TA  10.1304 
Infants’ and Toddlers’ Apparel  0.9329  0.9405  0.0396  0.7704  CI  0.9666  BO  9.9739 
Public Transportation  0.9315  0.9423  0.0379  0.8013  AT  0.9653  SD  9.7699 
Housekeeping Services  0.9303  0.9428  0.0586  0.6891  AT  0.9979  HO  9.5894 
Apparel Services  0.9245  0.9321  0.0477  0.7705  CH  0.9852  MA  8.8276 
Homeowners’ Costs  0.9229  0.9429  0.06  0.7065  DA  0.9728  SD  8.6373 
Food Away from Home  0.921  0.927  0.0534  0.7836  MI  0.9753  KC  8.4194 
Medical Care Commodities  0.9133  0.9256  0.0483  0.7812  PH  0.968  DN  7.6444 
Personal Care  0.9113  0.9288  0.0753  0.7108  MS  1.012  PI  7.4627 
Professional Medical Services  0.9073  0.9114  0.0422  0.8209  HO  0.972  BO  7.1261 
Other Renter’s Costs  0.9015  0.932  0.0832  0.5778  CI  0.9701  AT  6.6843 
Entertainment Commodities  0.8957  0.9118  0.053  0.7787  PO  0.9598  NO  6.2956 
Hospital & Related Services  0.8836  0.8904  0.0595  0.7273  SF  0.9927  SD  5.5996 
Appliances, incl. electronic 
equipment  0.8769  0.8989  0.0712  0.7109  NO  0.9711  SD  5.277 
Housekeeping Supplies  0.8701  0.8802  0.0679  0.7313  MS  0.9747  SL  4.9801 
Cereals and Bakery Products  0.8629  0.8916  0.0883  0.6571  SL  0.956  NY  4.6997 
Other Furnishings  0.8565  0.8661  0.0553  0.7291  MA  0.9451  NO  4.4745 
Textile Housefurnishings  0.8352  0.828  0.0632  0.7078  HS  0.9492  DA  3.85 
Women’s and Girl’s Apparel  0.8300  0.8488  0.0501  0.6848  PI  0.8882  BA  3.7193 
Men’s and Boy’s Apparel  0.8209  0.8296  0.0672  0.6527  MI  0.9083  NO  3.5132 
Motor Fuel  0.8209  0.8458  0.0924  0.6124  CL  0.9695  TA  3.5117 
New Vehicles  0.8109  0.8271  0.0934  0.5604  KC  0.9197  MA  3.3066 
Furniture & Bedding  0.8008  0.8331  0.1166  0.526  HO  0.9603  BO  3.1201 
Meats  0.7921  0.806  0.082  0.5741  TA  0.9413  CI  2.9738 
Footwear  0.7814  0.8005  0.0694  0.6126  DC  0.872  DT  2.8098 
Other Utilities & Public Services  0.7672  0.8089  0.1839  0.2377  SL  0.9827  BO  2.6157 
Other Food at Home  0.7578  0.75  0.0995  0.5634  KC  0.9274  HS  2.499 
Fresh Fruits and Vegetables  0.7406  0.7662  0.1063  0.4091  AT  0.8645  DC  2.3081 
Eggs  0.7397  0.7477  0.1377  0.3008  DT  0.957  SF  2.2988 
Entertainment Services  0.7249  0.7365  0.1262  0.4609  HS  0.9295  PO  2.1543 
Fuels  0.6682  0.6748  0.1692  0.1763  KC  0.8922  MA  1.7193 
Fish & Seafood  0.6682  0.6768  0.1084  0.4126  CI  0.8551  HS  1.719 
Poultry  0.6261  0.6454  0.1751  0.2519  DA  0.9208  CI  1.4801 
Average  0.8590  0.8722  0.0737  0.6558    0.9146    6.7274 
Note: The mean, the median and the standard deviation among the 28 data series in each category are reported in 
columns 1-3. The minimum and the maximum value of the AR(1) coefficients (and the corresponding city pair) 
are reported in columns 4-7. Half-life is computed by the formula ln(0.5)/lnr  where  r  is the estimated 
coefficient of the model. Unlike models elsewhere in this paper, the dependent variable of this AR regression is 
the level, not first difference. 
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 Table 8: Asymmetric Adjustment of Prices between New York and New Orleans 
 








  HW stat 
Meats  0.2951  -0.0165  0.2786  20.4732 
Fresh Fruits and Vegetables  0.2006  0.0094  0.1912  12.1468 
Fuels  0.2659  -0.0469  0.2190  22.1979 
Appliance, incl. Electronic equipment  0.1015  -0.0605  0.0410  9.9600 
Women's & Girl's Apparel  0.1624  0.0091  0.1533  10.0989 
Medical Care Commodities  0.0898  0.0143  0.0755  8.4475 
Poultry  0.2579  -0.0932  0.1647  23.9801 
Fish & Seafood  0.4328  -0.0197  0.4131  35.6801 
Eggs  0.1228  -0.0278  0.0950  12.4674 
Alcoholic Beverages  0.0377  -0.0202  0.0175  10.4786 
Homeowners' Costs  0.0230  -0.0243  -0.0013  11.4070 
Other Utilities & Public Services  0.1137  -0.0396  0.0741  13.4433 
Textile Housefurnishings  0.1252  -0.0270  0.0982  9.2462 
Footwear  0.2810  -0.0391  0.2419  23.2207 
Apparel Services  0.0333  -0.0524  -0.0191  20.8390 
New Vehicles  0.1970  0.0172  0.1798  13.9002 
Motor Fuels  0.1870  -0.0294  0.1576  15.6482 
Professional Medical Services  0.0373  -0.0325  0.0048  10.4430 
Hospital & Related Services  0.0380  -0.0618  -0.0238  9.1319 
Entertainment Services  0.3013  -0.0300  0.2713  26.5697 58 
Table 9: Number of Rejections of Linearity at 10% Level 
 
Categories  TU  TM  HU  HM 
Alcoholic Beverages  2  10  2  2 
Apparel Services  2  15  1  4 
Appliances, incl. electronic equipment  6  6  4  4 
Automobile Maintenance & Repairs  3  5  1  3 
Cereals and Bakery Products  18  6  10  3 
Eggs  20  18  14  8 
Entertainment Commodities  2  8  2  2 
Entertainment Services  16  22  4  11 
Fish & Seafood  5  13  3  1 
Food Away from Home  2  3  3  3 
Footwear  6  13  2  4 
Fresh Fruits and Vegetables  2  4  5  5 
Fuels  12  5  5  5 
Furniture & Bedding  17  18  5  6 
Homeowners’ Costs  21  14  12  12 
Hospital & Related Services  4  5  3  3 
Household Maintenance & Repairs  0  5  4  4 
Housekeeping Services  8  13  2  8 
Housekeeping Supplies  4  3  4  4 
Infants’ and toddlers’ Apparel  3  16  2  1 
Meats  15  14  17  12 
Medical Care Commodities  5  4  7  7 
Men’s and Boy’s Apparel  5  4  4  6 
Motor Fuel  4  11  2  13 
New Vehicles  5  11  8  8 
Other Apparel Commodities  4  12  3  5 
Other Food at Home  16  20  13  9 
Other Furnishings  7  13  8  8 
Other Renter’s Costs  11  25  13  15 
Other Utilities & Public Services  15  15  5  16 
Personal & Educational Expenses  11  12  6  6 
Personal Care  10  13  6  4 
Poultry  12  18  7  9 
Processed Fruits and Vegetables  12  15  15  7 
Professional Medical Services  4  5  1  4 
Public Transportation  9  7  7  12 
Residential Rent  17  19  7  8 
Textile Housefurnishings  13  18  5  17 
Tobacco & Smoking Products  5  4  12  9 
Used Cars  12  22  14  21 
Women’s and Girl’s Apparel  7  7  7  5 
Note: Both univariate and multivariate Hansen’s tests are restricted with 
one lag (at the level). 
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Table 10: Symmetric Band TAR(3) and TVECM(3) Median Estimates 
within each Selected Group of Categories 
 
  AR  TAR  AR  TAR  TVECM 
Categories  r   Half-life  g1  g2 
Cereals and Bakery Products  -0.0006  -0.3086  1181.229  1.8781  -0.2228  0.1588 
Eggs  -0.0563  -0.6191  11.9521  0.7181  -0.3542  0.2437 
Entertainment Services  0.0001  -0.8083  NA  0.4197  -0.0625  0.7534 
Fish & Seafood  -0.022  -0.4509  31.1405  1.1563  -0.0477  0.3594 
Footwear  -0.1621  -0.3042  3.9183  1.911  -0.0921  0.2093 
Fresh Fruits and Vegetables  -0.0112  -0.3829  61.5467  1.4361  -0.1163  0.2222 
Fuels  -0.0809  -0.4241  8.2133  1.2562  -0.206  0.2071 
Furniture & Bedding  -0.0143  -0.6722  48.1034  0.6214  -0.1133  0.5742 
Meats  -0.0061  -0.7974  113.111  0.4341  -0.1174  0.6483 
Men’s and Boy’s Apparel  -0.1023  -0.2368  6.4239  2.5656  -0.0806  0.1149 
Motor Fuel  -0.0047  -0.3044  145.6761  1.9099  0.0297  0.2891 
Other Food at Home  -0.0148  -0.5943  46.4553  0.7683  -0.1228  0.43 
Other Utilities & Public Services  -0.0031  -0.4431  224.4629  1.184  -0.1559  0.1876 
Poultry  -0.018  -0.5762  38.2002  0.8073  -0.3068  0.1881 
Processed Fruits and Vegetables  0.0013  -0.3722  NA  1.4892  -0.2157  0.115 
Textile Housefurnishings  -0.0438  -0.5242  15.4859  0.9332  -0.0441  0.5171 
Women’s and Girl’s Apparel  -0.1495  -0.241  4.2808  2.5141  -0.0078  0.2235 
Note: The TAR model and the TVECM are specified in the same way as in Table 5. Number of lags is set 
at 1 at the level. All coefficients and half-lifes reported are the median among the data series used in each 
category. It is not clear if the computation of half-lifes for linear model is applicable for nonlinear model. 
However, we report them here for a simple comparison. 
  